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meta b i s ulf i te , and s od i um pyruva t e  e a c h  at a 
c o n c e ntrati on o f  0 . 0 2 5 % ( w/ v ) ......... .. ........ 60 
x i  
F i gure 
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L I ST OF F I GURES ( con t . ) 
Page 
Mu l t i p l e  l i near reg re s s i on l i ne s  f rom abs o rbance 
v a l u e s  and l og 1 o v i ab l e  c e l l numbe r s  o f  
Campyl obac t e r  J eJuni s t ra i n  B e e f 1 
c u l tured i n  aut o c l aved l i qu i d  B r u c e lla 
B r o t h  ( ALB ) ( -·- ) , i rrad i ated dry powde red 
B r uc e l l a  B r o th ( I DB ) �-� , auto c l aved l i qu i d  
T r yp t i c  S o y  Broth ( ALT ) (····) , and i r rad i ated 
dry powde red T r yp t i c  Soy Broth ( I DT ) ( - ) . 
T r ypt i c  S o y  Broth med i a  we r e  s upplemented w i th 
0 . 5% ( w/ v ) yeast ext rac t and a l l  med i a  we r e  
suppl emen ted w i th fe rrous s u l f a t e , s o d i um 
me t a b i s u lfi t e , and s od i um pyruvat e  each a t  a 
c oncent rat i on o f  0 . 0 2 5 % ( w/ v ) .  Abs o r banc e  was 
measu r e d  at 5 9 5  nm . C o r r e l a t i on c oe f f i c i en t s  
were h i gh l y  s i gn i f i cant ( P�O. OOl ) . . • . . . . • . . . . . . .  6 2  
F l u o r e s c enc e pho tom i c r og raph o f  t h e  t yp i c a l  
mo rpho l og y  o f  CampYl obac t e r  J e i un i  s tr a i n  
B e e f 1 cul tured i n  d i f f e rent g r ow t h  med i a .  
( A )  Campyl o bac t e r  jejun i  cu ltu r e d  i n  
autoclaved l i qu i d  Bruc e l l a  B r o t h  ( ALB ) .  
Th i s  morpho l o g y  was typ i ca l  o f  t h e  o rgan i s m  
c u l tured i n  ALB , i r rad i ated d r y  powdered Bruc e l l a 
B r o t h  ( I DB ) , and i r rad i a t ed dry powd e r ed T r ypt i c  
S o y  B r o th ( I DT ) f o r  3 8  h and i nd i c a t e s  a heal thy 
c u l t ur e. ( B )  Mo rpho logy o f  Campyl o ba c t e r  
j e j un i  c u l tured i n  autoc l aved l i qu i d  Tryp t i c  
S o y  Bro th ( ALT ) -f o r  3 8  h i s  t yp i c a l  o f  an o l de r . 
c u l ture o r  o f  a c u l ture growing und e r  adv e r s e  
cond i t i ons . Magni f i cat i on , lOOOx . . . . . . . . . . . . . . . . 6 5  
x i i 
Abbrev i at i on 
ABA 
ALB 
ALT 
ATA 
I BA 
!DB 
I LB 
I DT 
I LT 
I TA 
L I ST OF NOTAT I ONS 
Name 
Autoc l aved Bruc e l l a  Aga r  
Aut oc l aved l i qu i d  Bruc e l l a  B r o th 
Au toc l aved l i qu i d  Trypt i c  S o y  B r o t h  
w i th 0 . 5% ( w/ v ) yeas t e x t r a c t  
Au toc l aved T r ypt i c  S o y  Aga r  w i th 
0.5 % ( w/ v ).yea s t  ext rac t 
I r rad i at ed Bruc e l l a B r o t h  added t o  
s t e r i l e  me l ted agar 
I r rad i at ed dry powde red Bruc e l l a  B ro th 
I rrad i at ed l i qu i d  Bruc e l l a  B r o t h  
I r rad i ated d r y  powde red T r ypt i c  S o y  
B r o th w i th 0 . 5% ( w/ v ) yeas t ext rac t 
I rrad i a t ed l i qu i d  T r yp t i c  S o y  Bro th 
w i th 0 . 5 % ( w/ v) yeas t ext rac t 
I r rad i a t ed Trypt i c  S o y  B ro t h  w i th 
0 . 5% ( w/ v ) yeas t ext rac t added 
t o  s t e r i l e me l t ed agar 
xi i i  
INTRODUCTION 
C ampy l o bac t e r s  are found i n  the re produc t i ve o rgans , 
int e s t i na l  t rac t and o r a l  cav i t y  o f  man and an i ma l s ( 3 5 ,  8 6 , 
8 7 ) .  The o rg an i sm was f i rs t  i s o lated ove r 7 5  yea r s  ago 
( 1 0 2 ) and Campyl obact e r  j ejun i  i s  now r e c o gn i z ed a s  a 
pathogen o f  i nc reas i ng i mpo rtance , o c c a s s i o na l l y  caus ing 
fatal acut e · and subacut e gas t ro i nt e s t i na l  il lne s s  i n  humans 
( 7 ,  6 5 , 9 0 ) . F rom 1 9 7 3  to 1 9 8 1 , Q . .i e .i un i  was i s o la ted as 
f r equen t l y  as S almone l l ae and over t h r e e  t i me s  a s  o f ten as 
S h ige l l ae ( Tabl e 1 )  f rom pa t i ents w i th d i a r rhea . The numbe r 
o f  i s o l at i on s  o f  Q .  .i e.i uni f rom fec e s  o f  pat i en t s  w i th 
d i a r rhea i nc reas e s  year l y  and the numbe r o f  cas e s  r epo rted 
are b e l i eved t o  be an unde r e s t i mat i on o f  t h e  ac t ua l  numbe r 
o f  wo r l dw i de i n f-ec t i ons c aus ed by Q .  .i e .i un i  ( 5 ,  1 1 ) . Many 
v i c tims wer e  i nf e c t ed v i a  a food borne i l ln e s s  outbreak , but 
Q .  .ie.iun i c ou l d  no t be i so lated from the s u s pe c t ed food 
s ourc e o r  d i f f e r en t  s ou r c e s  o ther than s t oo l  s amp l e s  of  the 
v i c t ims . 
Spec i al cul ture med i a  have been dev e l oped that make 
po s s i b l e  i s o l at i on o f  many Q .  i e.iun i  i s o l a t e s  a t  
c oncentra t i on s  o f  <1  c e l l /ml f r om m i lk ( 6 2 ) , <1  c e l l / g  o f  
hambu r g e r  ( 2 3 )  and <1  ce l l / g  o f  ev i s c e ra t e d  ch i c kens ( 2 3 ) . 
Even w i t h  spec i al i z ed cu l ture med i a , Q . .ie.iun i  i s  f requent l y  
no t de t e c t e d  when hea l th o f f i c i a l s  a t t emp t  t o  i dent i fy the 
o r gan i sm a s  the causat i v e  agent of an o u t b re ak (1 1 ) .  
Table 1 .  Isola t i on o f  se l ec ted pathog ens f rom f e c a l  
s pec i mens obt a i ned f r om pat i en t s  w i th d i a r rh e a  i n  developed 
coun t r i es be tween 1 9 73 to 1 9 8 1  ( 1 1 ) . 
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Numbe r of 
pat i en t s · Q .  
Pat i en t s  i n f e c te d  w i th a pathogen , % 
Coun t ry j ejun i  S a l mone l l a S h ige l la 
Belg i um 8 0 0  5 . 1  --- 1 
Engl and 8 03 7 . 1  
S cot l and 1 9 6 8 . 7  2 . 5  6 . 7  
Eng l and 2 8 0  1 3 . 9  4 . 3  3 . 9 
Net h e r lands. 5 84 1 0 . 8  1 0 . 0  
Canada 1 00 4  4 . 3  5 . 1  1 . 4 
Uni t ed S ta t e s  2 6 7 0  4 . 6  3 . 4 2 . 9  
S pa i n  4 6 6  4 . 5  1 2 . 1  1 .  3 
F rance 1 0 0 9 . 0  0 . 0  1 . 0  
New Zea l and 1 2 2 4 . 9  0 . 8  0 . 8  
Swi tze r l and 6 6 5  5 . 7  1 2 . 6  0 . 9  
Aus ta l i a 6 9  8�7 1 1 . 6  4 . 3 
Uni ted S ta t e s  9 9 8  4 . 7  1 . 0 5 . 3 
Eng l and 6 9 5  4 . 6  
Uni t e d  S ta t e s  7 5 3 1  4 . 9 2 . 4  1 . 0 
1 Data not ava i labl e . 
I t  i s  pos s i b l e  that t he bac t e r i um d i e s  b e fore s amp l e s  o f  the 
i mpli c a t e d  s ourc e can be checked f o r  Q .  J eJun i . H owever , 
some C .  i eJuni i sola t e s  have s ur v i ved in raw m i l k  f o r  2 1  
days ( 2 2 ) , c h i cken for 1 4- days ( 4 ) , and be e f  f o r  35  days 
( 1 9 ) .  The average i nc uba t i on pe r i od be f o re an out break o f  
Q .  J e iun i  i s  3 . 5  days . Thus , at t h e  t i me a n  o u t b reak i s  
report e d  and a s ource de t e rmined there s h ou l d  s t i l l  be t ime 
to i so l a t e  Q .  Je iuni from the s ourc e be f o re v i ab l e  c e l l s  are 
no l on g e r  pre s ent . 
The r e  i s  a need t o  de t e rm i ne in v i t r o  and i n  v i vo 
pa rame t e r s  wh i c h  c on t r o l  the surv i va l  and g rowth o f  Q .  
jeJuni ( 1 9) . One appr oach to t h i s r e s ea r c h  is  t o  d e t e rm i ne 
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i f  Q .  jejuni g rows i n  med i a  wh i ch are no t c o nvent i onal l y  
s te r i l i zed by mo i s t  hea t . Campyl obac t e r  JeJun i ,  d e g enerates 
�t o  a non - v i abl � , c o c c o i d  form when c u l tured on autoc laved 
med i a . Coc c o i d  body f o rmat i on may res u l t f r om e i t he r  ag i n g  
o f  t h e  cul t u re o r  the pres ence o f  a n  i nh i b i t o r y  c omponent i n  
m e d i a .  Heat denatur e s  pro t e i ns and ami n o  ac i ds pre s ent in  
med i a  u s e d  f o r  c u l t u r i ng Q.. ,jejun i ( 2 7 ,  2 8 , 9 3 ) .  
I rrad i at i on c an a l s o  denature pro t e i ns and am i n o  ac i d s , but 
the e x t ent o f  denatur i za t i on i s  larg e l y  depe ndent on the 
amount o f  wat er in a l i qu i d  s tate in the mat e r i al be i ng 
i r rad i a t e d  ( 3 ) . Th i s  denaturat i on prob lem may be overcome 
by e i ther f r e e z ing or dehydrat ing med i a  be f o r e  i r rad i at i on . 
Am i no ac i ds and t r i carboxcyl i c ac i d  c yc le i n terme d i a t e s  are 
the o n l y  c ompounds known t o  be used bi Q .  JeJun i a s  ener g y  
s o u rce s ( 8 7 ) , s o  i t  i s  i mpor tant to keep t he s e  c ompounds 
f rom bec omi ng a l tered when culture med i a  a r e  s t e r i l i zed . 
Cu l ture med i a  s t e r i l i z ed by gamma i r rad i at i on may i ncrease 
g rowth rat e s  of  fas t i d i ou s  o rgan i sms inc l ud i ng Q.  JeJun i �nd 
s ubs equent l y  i mprove i s o l at i on o f  th i s  bac t e r i um f rom foods . 
The purpo s e  o f  th i s  r es earch was t o  s tudy t h e  growth 
o f  � Je,jun i i n  med i a  s t e r i l i z ed by mo i s t  heat unde r 
p re s s u re ( au t o c l av i ng ) or by i rrad i a t i on . I f  gamma 
i rrad i at i on o f  med i a  does not de s t roy med i a  component s 
s ens i t i v e  t o  c onven t i onal therma l s te r i l i za t i on , i t s  u s e  may 
make c u l t i va t ion o f  fas t i d i ous o rgan i sms eas i e r  thus 
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a l l owing i mproved ,  mo re f requent i s o lat i on o f  Q .  Jejun i  f rom 
suspe c t ed s ou r c e s dur i ng outbreaks o f  f o o d  b o rne i l lne s s e s . 
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REVIEW OF LITERATURE 
H i s t or y  and C las s i f i cat i on of Campyl obacte r  j e j un i . 
I n  1 9 0 9 �  McFadyean and S tockman ( 6 6 )  i s o lated a 
v i b r i o- s hape d  bact e r i um f rom abo r t i ons i n  s heep . The y  
propo s ed t h e  name V i b r i o  f e t u s  ov i s  and i n  1 9 1 1 , a l s o  
i s o l a t ed t h e  o r g an i sm f r om cat t l e . In 1 9 1 8 , Smi t h  and 
Tayl o r  · ( 9 1 )  recovered a m i croae roph i l ic s p i r i l l um ( V i br i o  
f e t u s ) f r o m  i n f ecti ou s  abo r t i ons in cat t l e  and s u s pected i t  
was the s ame o rg an i s m  descr i bed by McFadyean and S t ockman 
( 6 6 ) . Thi s o r g an i sm was named V i br i o  f e t u s  b y  Smi th and 
Tayl o r  ( 9 1 )  becaus e domi nant mo rpho l o g i ca l  characte r i s t ics 
evi dent i n  cu l tu r e s  wer e  v i b r i o - s haped ce l l s . Dur i ng the 
w i n t e r  of 1 9 3 1  Jone s et al . ( 4 4 )  i s o l at e d  a v i br i o  ( V i br i o  
j ej un i ) wh i ch c aus ed dys entery i n  cal ves . The s e  v i br i o s  
cou l d  not be i s o lated on s o l id med i a  unt i l  1 9 4 7  when V i nzent 
( 1 0 0 ) i s o l at ed V i br i o  f e t u s  from bl ood s peci mens o f  a woman 
whe re t he bact e r ium demons t rated human pa t h o g e n i c i ty . F rom 
1 9 4 7  t o  1 957 i s o la t i on o f  the organi sm f r om humans was 
usua l l y  f rom e lder l y  or debi l i tated pat i e n t s  a f fect e d  by 
a l coho l i s m, ma l i gnant d i s eas e , d i ab e t e s  me l l i tus, or 
cardi ovascu l ar d i s ease ( 3 5 ) . I n  1 9 5 7 , K i ng ( 5 3 )  s ug g e s t ed y. 
f e tus m i gh t  be  as s oci at ed w i th ent e r i c d i s e a s e s . She a l s o  
d i v i ded y. f e tus into two g r oups on the bas i s  of  opt i mum 
i ncubat i on t emperature s .  Is o lates f r om pat i ent s w i th 
bact erem i a  that g rew be s t  at 4 2°C were ca l l ed "re l ated 
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v i b r i os" and we re p re s umed to caus e d ia r rh e a l i l l ne s s  ( 54 ) . 
Vi br i o s  t ha t  g rew poo r l y  or  not at al l at 4 2 °C wer e  
des i gna t e d  y. fe tus . 
I n  1 9 6 3 , S e bal d and V'er on { 8 2 )  descr i bed 
di f f e r e nces in  pheno t yp i c  characte rs as we l l  a s  mo l e  pe rcent 
guan o s i ne p l u s  cyt o s i ne amoung y. fetus and o th e r  V i br i o  
speci e s . They propo s ed the name-Campyl o b act e r  a s  a new 
genu s  w i t h  Campylo bact er fetus (Sm i th and Tayl o r ) S e bald and 
V ' eron as t he type s peci e s  { 8 2 ,  9 9 ) . Smi be r t  (8 7 )  in 1 9 7 4  
characte r iz�d Campylo bacte r  i n  the E i ght E d i t i on o f  Bergey ' s  
Manual o f  D e t e r m i na t ive Bacte r i o l ogy , w i th bo th Vi br i o  
je.iuni and Campyl o bacte r  co l i  cl as s i f i ed a s  C ampyl o bact e r  
f e tus subs p . J e iun i . In  1 9 8 0 , Harve y { 3 6 )  u s e d  the me thod 
o f  Hwang and Ede r e r  { 4 2 ) , and demons t ra t ed that h i ppurate 
hydro l ys i s cou l d  be us ed to di f fe rent i a t e  C .  J ej un i  
( hi ppur a t e  p o s i t i ve ) and Q .  co l i  ( h i ppurat e ne ga t ive ) .  
Campyl o bact e r  f e t us s u b s p. JeJuni is now r eco g n i zed as 
Campyl obact e r  J eJun i . 
Charact e r i s t ics o f  Campyl o bacte r  JeJun i . 
B act e r i a  i n  the g enus , Campyl o bacte r , are gram 
negat i ve , s p i ral l y-curved rods , 0.2 t o  0 . 5  �m w i d e  and 0. 5 
t o  5 . 0  �m l ong . Campylobact e r s  are obs e rved a s  S - shaped o r  
gul l -w i ng ed fo rms ( when two ce l l s  form s h o r t  cha i ns ) (87) in 
lo gar i t hm i c  pha s e  cu l ture s , o r  as donu t - and cocco i d - s haped 
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ce l l s  in o ld e r  cu l tures ( 1 4 ,  ·7 1 ) .  Q . .ie.iun i i s  mot i l e by 
means o f  a s i ng l e , po l a r  f l ag e l l um occu r r i ng at one o r  both 
ends of the ce l l  impar t i ng a charact e r i s t ic cor k s crew- l i k e  
mot i on . The bact e r i um i s  m i croaeroph i l i c w i th a r e s p i rat o ry 
metabo l i sm ,  and i s  o x i da s e  po s i t i ve ( 8 7 ) . Campyl o ba c t e r s  
are chemohe t e r o t r oph ic , and ut i l i z e t r i ca rboxcyl i c  aci d  
cycl e i n t e rmed i at e s  and amino aci ds i ns t ead o f  car bohydrates 
a s  ene rgy s ource s ( 8 7 ) . 
Becaus e  C • .ie.iun i has become a maj or concern as the 
caus e of f o odbo rne i l lne s s , it is i mpo r tant to b e  able to 
read i l y  d i s t i n gu i sh amoung · speci e s  in the g e nu s  
Campyl o bact e r . Q . .ie.iun i i s  d i f fe ren t i at e d  f rom other 
camp y l o bact e r s  by phys i o l og ical te s t s  l i s t ed i n  Tabl e 2 .  
Separat i on o f  Q .  ·j e iuni f r om s im i lar spec i e s  o f  
Campyl o bacte r  i s  based o n  a pos i t ive cat a l a s e  t e s t , g r owth 
at 4 2°C , abs ence o f  g rowth a t  2 5 °C ,  and h i ppu rat e hydr o l ys i s  
( 6 3 ) • 
Ep i dem i o l o g y  o f  Campyl o bact e r  J eJuni . 
Campyl o bacter i e.iun i  i s  a c omme n s a l  o rgan i sm 
d i s t r i bu t ed w i de l y  i n  nature and found i n  a var i e t y  o f  
mammal s  and b i rds , i n  f r e s h  wat e r , and i n  s e a  wa t e r  ( 8 ,  4 7 , 
5 6 , 64 , 8 6 ) .  Campyl o bact e r  i e.iun i caus e s  d i a r rhea i n  humans 
and the o rgan i sm i s  found i n  the i n t e s t inal t rac t of anima l s  
used f o r  human c onsumpt i on . 
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Tab l e  2 .  D i f fe rent i a t i on o f  Cam}2:Y:lo bact e r  s pec i e s  ( 6 3 ) . 
B i och em ica l  Cam]2:Y:l obac t e r  SJ2eci e s  
r eact i on 
Q .  fetus Q .  ,]e.iu n i  g_. co l i  
subsp . fetus 
Ca t a l a s e  + + + 
Oxi da s e  + + + 
N i t ra t e  
r educ t i o n  + + + 
HzS f r om 
cyst e i ne + + + 
Growth 
i n  1 %  g l ycine + + + 
i n  3 . 5% s a l t  
a t  2 5 °C + 
a t  3 7 °C + + + 
a t. 42 °C + + 
H i ppurate 
hydr o l ys i s  + 
Na l ad i x i c  aci d 
r e s i s t ant ? Ye s No No 
C e pha l o th i n  
r e s i s t ant ? No Ye s Ye s 
Thi s  has prompted a t t en t i on o f  i ndus t r i e s con c e rned about 
vectors a s s oc i at ed w i th transmi s s i on of C .  j ejuni f rom the 
i ntes t i ne o f  an i ma l s  and b i rds t o  foods that are s o l d  to 
c onsume r s  ( 57 ) . C ampyl obact e r  j ejuni i s  w i de - s pr ead i n  
av i an w i ld l i fe .  Av i an fece s are a s ource o f  contam i nat i o n 
f o r  s t ock ponds, l ak e s , and r i ve r s  wh i ch s e rve a s  wat e r  
suppl i es f o r  dome s t i c  and w i ld an i ma l s  ( 6 ,  4 7 ,  6 4 ) .  
Hous e f l i e s  con f i ne d  f o r  a pe r i od o f  f i ve days w i th ch i ckens 
prev i ous l y  i n fected wi th Q. jejun i t ransm i t t e d  the bact e r i um 
t o  pat h ogen- f r e e  c h i ckens ( 8 3 ) . 
I nt e s t i na l  t rac t s  o f  an ima l s  c ontam i na t e d  w i th Q. 
j e jun i may bec ome co l on i zed wi th the bacte r i um . 
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Campylo bacte r  J eJuni , pres ent in  i nte s t i ne s  o f  in fect ed 
ani ma l s , may come in con t act w i th the product s o l d  f o r  human 
cbns umpt i on dur i ng s l aught e r  or food proce s s i ng ( 6 , 5 7 ) .  
Subs equen t l y , wo rker s  o r  consumer s  hand l i ng con t am i na t e d  
food , eventua l l y  contami nate thems e lves v i a  p o o r  hyg i en i c  
pract i ce s  ( 1 0 ) , o r  b y  eat i ng contam i na t e d  food t h a t  was 
imprope r l y  cooked ( 6 ) . 
Al though C .  J eJun i i s  m i croaeoph i l i c and doe s not 
g r ow aero b i ca l l y , s ome i s o l a t e s  s urv i ve re f r i ge ra t i on 
temperatures f o r  2 1 , 14 , and 35 days i n  raw m i l k ( 2 2 ) , 
ch icken ( 1 4 ) , and bee f  ( 1 9 ) , respect i ve l y . F oods that are 
thor ough l y  cooked and m i lk t hat has been pasteur i zed have 
no t been i mp l i ca t e d  i n  food po i s on i ng o u t br eaks caus ed by Q .  
J eJuni ( 1 5 ,  2 0 ) .  
Raw m i l k  i s  o ften contam i nated w i th C. J e J un i . 
Aga i n  the l i k e l y  s ource o f  contaminat i o n  i s  f eca l ma t e r i a l  
whi ch come s i n  contact wi t h  t h e  udder d u e  t o  i mprope r  
m i l k i ng t echn i qu e s  or  poo r  s a n i tat i on pract i ce s  ( 8 ,  1 5 ) . 
Campyl obacte r  J eJun i can a l s o  i n f ect the bov i ne udder and 
cau s e  mas t i t i s  ( 59 ) . I n  s uch cas e s , the o rgan i sm has been 
i s o l ated f r om m i l k  up to 7 5  days a f t e r  expe r i mental 
i nocu l a t i on of  the udder (5 8 ) . Othe r foods known t o  be  
contami nated w i t h  Q.  i eJun i i nclude : raw s t eak , raw 
hamburge r , bee f tartare , cake ici ng , raw clam s , she l l f i s h ,  
dre s s ed turkey , duck , ch i cken , pork s au s a g e , and mus hr o oms 
( 1 1 ,  2 4 ) .  Th i s  l i s t  i s  not comp l e t e  and o th e r  f oods that 
carry Q. j ejuni wil l  mo s t  l i ke l y  be i dent i f i ed .  
Human i n fect i on re s u l t ing from Campyl o bact e r  .i e i un i .  
1 0  
A f t e r  Q .  i eJun i i s  inge s t ed , i t  mus t  s urv i ve the l ow 
pH o f  the s tomach . Q .  Jeiun i w i l l  no t s u r v i ve a t  a pH be l ow 
3 . 0 but can surv i v e  at  a pH o f  3 . 6  ( 2 1 ) . Foo d s , t he r e f o r e , 
'may act a s  pro t ect i ve agent s faci l i ta t i ng s u rv i va l  o f  the 
organ i sms in the s tomach ( 2 1 ) . The i n fe c t i v e  dos e  for Q .  
J e.iun i i s  n o t  known , but the i nge s t i on o f  5 0 0  organi sms wa s 
repor t ed s u f f i c i en t  t o  cause an i l l ne s s  ( 7 9 ) . The t ype o f  
food and quant i ty i n g e s ted probab l y  de t e rm i n e s  the i n fect i ve 
d o s e  nece s s a r y  f o r  the organ i sm t o  surv i ve , reach the 
inte s t i n a l  t ract , · and caus e  i l lne s s. 
Afte r  pas s ing through the s t omach , Q .  J eJ un i  mus t  reach 
the muco sa o f  the i nt e s t inal t ract for co l on i zat i on to  
occur . Campyl o bact e r  j ej uni u s ual l y  co l on i z e s  t h e  i l eum ,  
j e j unum , o r  co l on ( 1 0 ,  7 0 ) , the re fore , mo t i l i t y p l ays an 
i mp o r t ant part i n  t he m i c r o be's inva s i vene s s . The bacter i al 
f l age l l um no t o n l y  he lps Q .  Je jun i reach the app r opr i ate 
sur face of  the i nt e s t i ne f o r  c o l on i zat i on , but may also a i ds 
i n  adhe renc e o f  the o rgan i sm to  e p i the l i a l  ce l l s  ( 1 0 2 ) . 
Other bac te r i a l  s u r face s t ructures and chem i c a l  c ompounds 
tha t co u l d  be i nvo l ved in Q. i eJ un i  epi the l i a l  c e l l  adhe s i on 
are g l yc oc a l yx , l i popo l ys ac c har i de s , and o u t e r  memb rane 
1 1  
prot e in s  ( 1 0 2 ) . 
Campyl oba6t e r  J e.iun i  cau s e s  a n  i n fect i on once i t  i s  
estab l i shed i n  t h e  body . Gas t roente r i t i s  r e s u l t s  f rom the 
product i on of var y i n g  amount s  of a heat - l a b i l e  e n t e r o t ox i n , 
wi th a mo l ecu l a r  we i gh t  o f  6 0, 0 0 0 - 7 0, 0 0 0  ( 55 ,  1 0 2 ) . The 
t ox i n  is s im i l ar to E s che r i c i a col i  L T  t ox i n  and cho l e ra 
tox i n  ( 55, 8 1 ), cau s e s  i nt ra l um i nal f lu i d  s ecre t i ons in  rat 
i l eal l o o p s , and r e po r t edl y has c aus ed wat e r y  d i a r rhea in 
in fected ch i ld r e n  ( 8 1 ) . - Campyl obacte r  J e  iun i  may a l s o  
produce a s e c ond t ox i n  wh i ch i s  a heat - s t a b l e ,  e x t r ace l l u l ar 
cyt otox i n , act i ve aga i ns t  mamma l i an ce l l s , but i t s i n  v i vo 
act i on i s  unknown ( 1 0 2 , 1 05 ) . Anothe r t ox i n , p roduc ed by Q .  
J e.iun i , i s  a l i popo l ysaccha r i de w i th endo t o x i c  prope r t i es 
( 1 0 ,  8 9 ) .  Th i s  lipopo l ysacchar ide t ox i n  cau s ed death when 
Q .  Je iun i  was inocu lated into m i ce , ( 9 2 )  but t h e  r o l e  o f  
t hi s  endot ox i n  i n  human i n fect i on s  i s  unk nown ( 6 9 ) . 
S ymptoms and o u t breaks cau s eu by Campylo bact e r  .i e iuni . 
Gas t roent er i t i s  f r om i n fect i on w i th Q .  jeJuni c au s e s  
di a r rhea and o the r s ymptoms s hown in Tab l e  3 .  Abdom i na l  
pa i n  i s  a l ead i ng s ympt om o f  gas t roent e r i t i s  and c an 
some t imes be  s o  s ev e r e  that i t  m i m i cs an a c u t e  f o rm o f  
append i ci t i s  ( 7 6 ) . Other s ympt oms inc l ude s o r e  throa t , 
photopho b i a , c h i l l s , de l e r i um , and con fus i on ( 5 2 , 6 5, 1 0 1 ) . 
Table 3 .  S ympt oms a s s ociated wi th Campy l o bacte r  e n t e r i t i s  
( 7 ) • 
S ymptoms · 
D i a r rhea 
Abdomi na l  pa i n  
F e ve r  
Anorex i a  
Mala i s e  
Headache 
M ya l g i a  
Nau s ea 
Arthra l g i a 
Backache 
Vom i t i ng 
Prodromal cons t i pat i on 
R i g o r s  
We i ght l o s s  
S udden ons e t  o f  s i ckne s s  
Durat i on o f  < 1  week 
Re l apse 
Percent o f  Cas e s  
1 0 0  
9 7  
9 1  
9 0  
8 5  
6 3  
5 1  
5 0  
3 5  
3 3  
2 6  
2 5  
1 6  
1 4  
9 1  
8 0  
2 7  
1 2  
T ime o f  onse t  f o r  campyl obact er i os i s  i s  u s u a l l y  1 t o  7 days 
( 6 5 )  w i t h  s ympt oms l as t i ng up to 9 days · a ft e r  ons e t  ( 7, 3 5 , 
9 6 , 1 0 1 ) . 
Even when s ympt oms subs i de , re laps e s  can occur usua l l y  i n  
the f o rm o f  abdomi nal pa i n  ( 6 5 ) . Repo r t s  i nd i ca t e  that Q .  
J ej un i  can b e  excr e t ed i n  f ece s f r om i n f ect ed pat i en t s  for a 
pe r i od up t o  4 0  we e k s  ( 1 0 4 ) . 
S tat i s t i cs f o r  s ome o f  the large s t  out breaks o f  
campy l o bact e r i o s i s  are summar i zed i n  Tab le 4 .  
Deve l o pment o f  med i a  f o r  enr i chment and i s o l at i on o f  
Campyl o bact e r  i e iun i  f rom f oods . 
Campyl o bact e r  jejun i i s  di f f i cu l t  t o  i s o lat e from 
foods as we l l  a s  f rom cl i n i ca l  samp l e s . S peci a l i zed med i a  
1 3  
Tab l e  4 .  Lar g e  outbreaks o f  campylo bact e r i o s i sl .  
L ocat i on· Year Numbe r S us pected 
i l l  s ource 
Vermon t , USA 1 9 7 8  3 0 0 0  Wat e r  
Luton , Eng l . 1 9 7 9  250 0 Raw m i lk 
C onnect i cu t , USA 1 9 8 0  1 3 0 0  Wat e r  
Kansas, USA 1 9 8 1  2 6 4  Raw mi l k  
1 Adapt ed f rom ( 1 0 ,  4 5 , 9 6 , 1 0 1 ) . 
a r e  nece s s a r y  to  pr omo te g r owth and i s o l a t i on o f  l ow numbe r s  
o f  C .  J eJ un i . Large numb e r s  o f  m i cro b i a l  cont am i nant s  are 
o f ten pre s en t  in  raw f o ods t hat may a l s o  be contam i nated 
w i th l ow numbe r s  of  Q.  j ejun i . There f o r e , a med i um 
cont a i n ing an t im i cr o b i a l  agent s to s uppr e s s  unwant ed 
o r g an i sms wh i l e a l l ow i n g  g r owth o f  Q .  J e j un i  i s  d e s i ra b l e . 
R e s i s tance o f  Q .  j e J uhi t o  ant i m i cr o b i a l  agen t s  may 
be p lasmi d med i at e d  ( 1 3 ,  8 4 , 95 ) . The p r i ma r y  ant im i cr o b i al 
agent s used i n  enr i chment med i a  f o r  the i s o l a t i on o f  Q .  
J eJuni f r om food are : vancomycin , t r i me t h o p r i m  l acta t e , 
po l ymyx i n  B ,  r i famp ici n , and cycl ohex i m i de ( 2 3, 6 2 ) .  
Po l ymyx i n  B i s  t h e  pr i mary i nh i b i tor o f  g r am n e g a t i v e  
bacte r i a , b u t  a t  a concent rat i on o f  1 6  �g / ml i t  w i l l  i nh i b i t  
9 0% o f  i s o lat e s  o f  Q .  J ejuni ( 4 8 ) . Tr i me thop r i m , 
r i f amp i c i n , vancomyc i n , and cycl ohex i m i de can a l s o  i nh i bi t 
g rowth o f  C .  i e J un i  i f  t he i r  concentrat i on i s  h i gh. 
Howeve r ,  when u s e d  at  the proper concentra t i o n , the s e  
ant i b i o t i cs w i l l  i nh i b i t  many gram-negat i v e  bact e r i a  f ound 
f r equen t l y  in f o o d s  thus pe rm i t t i ng for e n r i chmen t  o f  Q .  
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JeJuni . 
Three procedures have been deve l oped t o  recover Q .  
j�Jun i  a t  concentra t i ons <1  ce l l /ml f rom r a w  m i l k  i n  the 
presence o f  o th e r  m i c r o b i al c ontam inan ts a t  1 06 co l ony 
form i n g  un i ts ( CFU ) / m l  ( 6 2) , <1 ce l l / g  f rom raw bee f in  the · · presence o f  1 0 8  CFU / g  ( 2 3 ) , and <1 ce l l / g  f r om e v i sce rated 
chi ckens in the pre s e nc e  of 1 0 s to 107 C FU/g ( 7 4 ) . A l l  
three procedures us e ant i m icro b i a l  agen t s  i n  l i qu i d  
enr i chmen t  m ed i a , and incubat i on o f  i nocu l ated med i a  for a 
per i od o f  1 6- 4 8 hours·at 4 2 °C i n  an atmo s ph e r e  con ta i n i ng 5 %  
oxygen ,  10% ca rbon d i o x i d e , · and 8 5 %  n i tro gen . I nc ubat i on is 
f o l l owed by s u r face p lat ing po r t i ons o f  enr i chmen t  med i a  
onto appropr i ate s o l i d s e l ect i ve cu l t ure med i a  ( 7 , 8 5 ) , 
i ncuba t i ng for a pe r i od o f  2 4  t o  4 8  hour s i n  the s ame 
atmo s phe r e  at 4 2 oc ,  and s e l ect i ng pres umpt i ve co l on i e s of Q .  
J eJuni for iden t i f ica t i on ( 2 3 ,  6 2 , 6 3j 7 5 ) .  
The i s o la t i on procedure j us t  descr i bed ( 74 )  was 
mod i f i ed by Lovet t  and a s s oci a t e s  ( 6 2 ) , and the modification 
enta i l s  pa s s i ng the enr ichment med i um through a membrane 
f i l t er hav i n g  a pore d i amet e r  o f  0 . 65 pm to exc l ude larger 
bacte r i al c e l l s  wh i l e  a l l ow i ng the s ma l l e r  c e l l s  of Q. 
J ej un i  t o  pas s  t hrough the f i l te r  ( 6 2 ,  6 3 , 75 ) . However , 
f i l te r i ng the med i um a f t e r  24 hours o f  incuba t i on may resul t 
in 9 9% ce l l  r e t ent i on o f  Q .  Jejun i o rgan i sms ( 3 4 ) . Th i s  
re tent i on o f  ce l l s on the f i l t e r  l eads t o  l ower numbe r s  of 
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Q . .i e.i un i  iso la t e d  ( 6 2 )  o r  to  fa l s e  negat i ve re s u l ts . 
Love t t ' s  proc edure ut i l i z e s  a cons tant f l ow i ng gas 
atmo sphere t o  i nc·rease recove ry of Q.  .i e .i un i  ( 3 8 ) .  The 
proc edures o f  Lovet t  et a l . ,  ( 6 2 )  and Doyl e e t  a l . ,  ( 2 3 )  are 
most frequen t l y  used for the i so lat i on of Q . .i e i un i  f r om · · foods . 
B i ochem i c a l  r e qu i r ement s  o f  Campyl oba c t e r  .i e .i un i . 
Cul t i vat i on o f  Q. .i e.iuni has been d i f f i c u l t  because 
the organ i s m  i s  m i c roaeroph i l i c  and g rows best i n  an 
envi ronment o f  5 %  oxygen , 10% carbon d i ox i de , and 8 5 % 
n i t rogen ( 5 0 ) . Med i a  u s ed to cul ture Q . .i e.iun i  are 
supp l ement e d  w i th fer rous s u l fate , s od i um met a b i s u l f i t e , and 
sod i um pyruva t e . Pyruvate and ferrous s ·u l f a t e  i n c reas e 
aeroto l e ranc e and promo te g rowth o f  Q.. .i e .i un i  by removing 
hydrogen perox i de and free oxygen rad i c a l s  i n  c u l ture medi a 
resul t i ng f r om phot o - c hemi cal reac t i ons o f  med i a  wi th 
s un l i gh t  ( 1 2 ,  3 9 ) . B l ood i s  a l s o  used as a s upp l eme n t  
bec au s e  i t  cont a i ns the enzyme s cata l as e , pe roxi da s e , and 
superox i de d i s mu t as e , wh i c h  al s o  remove hydrogen per o x i de 
and oxygen rad i ca l s  ( 30 ) . 
Nut r i en t  requi rement s  lim i t  the type o f  med i a  on 
wh i ch C . .i eiun i can be cul tured ( Tab l e  5) . Med i a  us ed for 
cul t i va t i ng C . .i e iuni i nc l ude Bruc e l l a  Agar , Mue l l ar -H i nton 
Agar , Bra i n  Heart In fus i on Agar , and Trypt i c  S o y  Agar 
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supp l ement e d  w i th 0 .5 %  yeas t ext rac t ( 7 1 ,  72 ) .  In a recent 
study of 76 i solate s of C .  jejuni ,  43 w e r e  auxot roph i c  f o r  
one o r  mo re am i no ac ids , 3 0  we re found t o  r e qu i re 
me t h i oni ne , s ix r equ i red pro l i ne , two r equ i r e d  i s o l euc i ne, 
and 12 we re i nc ons i s tant i n  the i r  requ i reme n t s  f o r  · · cys t i ne - cys t e i ne ( 94 ) . Other i s o l at e s  requ i red - a r g i n i ne o r  
a comb i nat i on o f  i s o l euc i ne , l euc i ne a n d  va l i ne ( 94 ) . 
Var i ou s  i s o l a t e s  r e qu i red 4 t o  1 8  amino ac i ds f o r  g r owth 
( 8 8 ) . I n  o rde r t o  s uppor t  growth o f  Q .  j ejun i , a med i um 
s hould c onta i n  a l l e s s ent i a l  ami no ac i ds i n  a usa b l e  fo r use 
as  an ene r gy s ou r c e  o r  growth fac t o r s . Pu r i n e s  and 
pyr i m i d i ne s  a r e  not requ i r ed f o r  g r owth but n i ac i n , i s  
requi red by s o me i s o lates;  o ther B vi tam i n s  are known t o  
s t i mu l a t e  g r owth ( ·8 8 ) .  
Growth o f  Campy l o bact e r  jeJuni in autoc l ave d med i a . 
Even t hough Q .  i e iun i  g rows we l l  i n  a nut r i en t  
med i um s u c h  a s  B ruc e l l a  Broth , c o c c o i d  f o rms ( o r c oc c o i d  
bod i e s ) appear w i th i n  24 hours and the i r  numbe r s  exc e ed 
tho s e  o f  v i br i o  fo rms a f te r 9 6  hours ( 7 3 ,  9 7 ) .  C o c c o i d  
bod i e s  predom i nate a f t e r  4 8  hours o f  i ncubat i on on agar 
plates ( 7 1 ,  7 3 , 97 ) . In the 19 6 0's , s ome i nve s t i ga t o r s  
sugg e s t ed t hat the s e  bod i e s wer e  a n  al te rnate f o rm o f  the 
o rgan i s m ( 7 3 ,  97 ) .  Cocco i d  bod i e s are now cons i de r ed t o  be 
degene r ate , non -vi able f o rms whi ch occur in o l de r c u l tures 
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Tab l e  5 .  Ene rgy s ourc e s  fdr Campyl obac t e r  JeJun i  1 
TCA i nt e rmed i ates Am i no a c i d s  Othe r 
o rgan i c  ac i d s  
A l pha-Keto glutara t e  
Suc c i na t e  
Ma l a t e  
Fumarate 
c i s -Acon i tate 
C i t r a t e  
I s oc i t r a t e  
Oxa l oac e tate 
Aspar t a t e  
Asparag i ne 
Glutama t e  
Glut am i ne 
Pro l i ne 
Cys t e i ne 
Cys t i ne 
1 Adapted .f rom ( 1 , 5 1 ,  6 0 ) . 
Lac t a t e  
Pyruvate 
or dur i ng un favo rable growth cond i t i ons ( 14 ,  7 1 ,  8 9 ) .  
Cul tur e med i a  used for i s o lat ing Q .  j ejun i f r om 
c l i n i c a l  spec imens and food s ource s , and f r o m  r e s earch 
s tud i e s  are s te r i l i zed by aut o c lav i ng at  1 2 1 °C fo r 15  m i n . 
The heat as s o c i at e d  w i th aut oc lav i ng denatur e s  subs t r a t e s  in  
med i a  e s s ent i a l  to  the g rowth of  Q .  j eJ un i . T h i s resul ts i n  
h i gh e r  numbe r s  o f  c o c c o i d  f o rms , the r e f o r e  d e c r e a s i ng t h e  
capac i ty f o r  i s o la t i on when l ow numbers o f  Q .  J ejun i  are 
present . S l ow o r  abnormal g rowth o f  Q .  J eJun i may no t be 
due to fa i lure t o  prov i de elabo rate growth fac t o r s  bu t may 
re sul t f rom poor phys i o chem i cal cond i t i on s  ( 8 9 ) . 
Compo s i t i on o f  Bruc e l l a  B r o th and Trypt i c  S o y  B r o t h . 
B ruc e l l a  B r o th ( 17 )  has been the med i um o f  cho i ce 
for cul t i va t i on o f  Q .  J eJun i . Howeve r , T r ypt i c  S o y  Broth i s  
o f t en us ed i n  p l a c e  o f  B ruc e l l a  Bro th. The i n g r edie n t s  o f  
Bruc e l la Bro th and Trypt i c  S o y  Broth a r e  l i s ted i n  Tab l e  6 .  
Pep tone s a r e  the mai n  c omponents o f  B ruc e l l a  and 
Trypt i c  S o y  Broths and are the majo r s ou r c e  o f  ami no ac i ds 
e s s ent i al f o r  g r o�th o f  C .  Jejun i .  I n  a s t udy o f  c u l ture 
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m�d i a , 7 peptones · were ana lyzed for total n i t r og en c ontent , 
f re e  ami no ac i ds , and t rac e e l emen t s  ( 9 3 ) . T o t a l  n i t r o gen 
c ontent for the s e  peptones ranged f rom 1 1 . 8 %  to 16 . 2% ,  free 
·· ami no ac i d  n i t ro gen was 1 . 4% t o  5 . 7 % ,  and a t o t a l  o f  23 
t race e l ements were d e t ec t ed and quant i f i ed ( 9 3 ) . Am ino 
Tab l e  6 .  Compos i t i o n  o f  Bruce lla B r o th and Tryp t i c  Soy Bro th 
I ng red i ent 
B rucella Broth 
( gm/1 ) 
Pept one 2 0 1 
Pept one 1 002 
Peptone 1403 
Pept one 1 1 04 
dext r o s e  
yeas t extractS 
s od i um c h l o r i de · 
s o d i um b i su l f i te 
s od i um c i t r a t e  
pota s s ium pho sphat e  
d i ba s i c  
!Cas e i n  hydro l ys a t e  
1 5  
5 
2 
2 
5 
0 . 1  
1 
2Pept i c  d i ge s t  o f  a n i ma l  t i s sue 
3Panc reat i c  d i g e s t  of case i n  
4Papa i c  d i g e s t  o f  s oy pro t e i n  
5Aut o l ysed c e l l s  
Trypt i c  S o y  B roth 
( gm/1 ) 
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3 
2 . 5  
5 
5 
2 . 5  
ac i d  c ompo s i t i on o f  t he four peptone s u s ed i n  B ruce l l a Broth 
and T r ypt i c  S o y  Bro th are s ummar i z ed i n  Tab l e  7 ( pe r s onal 
c ommun i cat i on , Gibco Laborat o r i es I nc . , Mad i s on , W I ) .  A 
ma in i ng r ed i en t  o f  Bruc e l l a  Br oth is Pept one 2 0  ( 1 7 ) , a 
cas e i n  hydro l ys a t e  i n  wh i ch the cas e i n  i s  hydro l ysed t o  
ami no ac i ds ( 1 8 ) . Th i s  pep tone prov i de s  l a r g e r  amo unt s  o f  
1 9  
Tab l e  7 .  Ami no ac i d  c ompo s i t i on o f  four pept ones 1. 
Pe12t ones (mgLg} 
Bruc e l la Bro th Tr�12t i c  S O  I: Bro th 
Ami no ac i d  2 0  1 0 0 1 1 0 
Lys i ne 7 3  4 8  4 0  
H i s t i d i n e  2 5  1 6  1 5  
Arg i n i ne 3 3  5 1  4 5  
Aspartat e  6 3  6 4  7 8  
Threon i ne 3 5  2 8  2 5  
S er i ne 4 5  3 6  2 5  
Glutamate 1 9 6  1 0 0  1 2 8 
Pro l i ne 9 3  5 6  3 1  
G l yc i ne 18 8 3  2 7  
A l an i ne 2 9  5 2  2 6  
Cys t i ne 8 8 7 
Val i ne 6 1  3 5  3 1  
Me t h i on i ne 2 7  1 2  6 
I s o l euc i n e  5 0  2 3  2 7  
Leuc i ne 8 7  5 6  4 6  
Tyro s i ne 1 4  1 3  1 9  
Phenyl a l an i ne 19 2 7  2 7  
Trypt ophan 1 1  5 4 
T o t a l  N 1 3  1 2  9 
Free ami no N 6 . 6  3 . 6 2 . 4  
1 Pers onal c ommun i cat i on , G i bc o  Labora t ori e s  I nc . , 
Mad i s on , W I . 
1 4 0  
6 5  
2 3  
2 8  
5 3  
3 2  
3 2  
174 
5 2  
1 4  
2 4  
2 
5 0  
2 2  
4 2  
7 0  
2 5  
3 8  
1 4  
1 3  
4 . 2  
to tal n i tro gen and fre e  ami n o  n i trogen than p e p t on e s  1 4 0 , 
1 0 0 , and 1 1 0 ( Gi bc o , pers onal communi c a t i on ) . Pe p t one 1 4 0 
( pancreat i c  d i g e s t  o f  c as e i n ) i s  an i ngred i en t  i n  T rypt i c  
S o y  Bro th and o f  the aboved-ment i oned pept one s , has the 
s e c ond h i ghe s t  free amino ac i d  n i trogen c on t e n t . There i s  
s ome fermentab l e  c a rbohydrate i n  pept one 1 4 0 ( 9 3 ,  G i bc o , 
personal c ommun i c a t i on ) . 
Yeas t e x t r ac t , another undef i ned i ng red ient , i s  
p r e s ent i n  bo t h  B ruce l l a  B r oth and T r ypt i c  S oy Broth . Yeas t  
extrac t i s  prepared f r om c u l tured yeas t cel l s , and i s  
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t reated w i th hydrochl o r i c  ac i d , proteo l yt i c  enzyme s , o r  heat 
to pr omo te c e l l ul ar aut o lys i s  ( 9 3 ) . The am i no ac i ds present 
i rt  the g re a t e s t concent rat i on i n  yeas t ext rac t are 
aspar t at e , g lu t amate ,  g l yc i ne , i s o l euc i ne , l euc i ne , l ys i ne , 
pheny l a l an i ne , threon i ne , and val i ne ( 2 9 ) . The appro x imate · · ami no aci d compos i tio n  of four yeas t  ext ract s appe a r s  in 
Table 8 ( 9 3 ) . 
V i tam i n s  a r e  al s o  present i n  yeas t e x t rac t . 
Aut ol ys ed yeas t ext ract· , us ed i n  Bruce l la B r o t h  and Trypt i c  
S oy B r o th , c on t a i n s  ( pe r  gram ) appro x i mat e ly 2 6 0  ug 
th i am i ne , 80  ug r i bo f lav i n , · 6 5  ug n i c o t i n am i de , 12 0 �g 
panto then i c  aci d , 6 0  ug pyr i dox i ne , 2 8  ug f o l i c  ac i d , 3 pg 
bi ot i n , 8 ug i no s i t o l , and 10 , 0 0 0  �g cho l i ne ( 9 3 ) . Yeas t 
extrac t a l s o  contains 1 5 - 2 0  t race e l ement s . 
The e l�ment s pre sent i n  an extrac t depend on c ompo s i t i on o f  
the cul ture medi um i n  wh i ch the yeas t were g rown ( 9 3 ) . 
B ru c e l la B ro th and Trypt i c  Soy Bro th appea r  to have 
al l o f  the es s en t i al i ngred i en t s  to suppo r t  g rowth o f  Q. 
jeJun i . B o t h  med i a  conta i n  the nec e s sary am i no ac i ds, 
v i tam i ns , and t race e l emen t s  requ i red for g r ow t h . 
E f fect s  o f  autoc lav i ng and i r rad i a t i on on chem i c a l  
compone n t s  i n  bac te r i o l o g i cal med i a .  
Both i r rad i a tion and c onven t i onal heat s t e r i lization 
are known to al t e r  ami no acids , vi tam ins, and othe r 
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Tab le 8 .  Am ino ac i d  c ompo s i t i on o f  yea s t  ext rac t s  ( 9 3 )  • 
ac id h�dro l;y:s i s  ( " ) aut o l�s i s  ( % ) 
Sam:Ql e no . ( 1 ) ( 2 ) ( 3 } { 4 ) 
Am ino ac i d  
Arg i n i ne 3 5 4 6 
Cys t i ne 1 2 0 1 
G l yc i ne 0 0 4 5 
Glutama t e  0 0 14 1 1  
H i s t i d in e  3 3 2 3 
I s o l euc i ne 6 6 5 5 
Leuc i ne 7 7 7 6 
L ys ine 7 10 7 6 
Meth i on i ne 3 0 1 2 
Pheny l a l an i ne 5 0 4 4 
Threo n i n e  6 0 5 3 
Tryptophan 1 2 2 1 
Tyr o s i ne 4 6 0 2 
Va l i ne 5 6 6 5 
T o t a l  N - 1  1 1 . 2  
Free ami no N 3 . 9  
carboh�drate 1 3  
1 Data no t ava i lab l e . 
mat e r i a l s  imp o r tant i n  cul t i vat i ng m i c r obe s . S tud i e s  t o  
det e rm i ne t h e  d i f fe renc e s  i n  g rowth r e s pon s e  o f  fas t i d i ous 
m i cr oo rgan i sms i n  the same med ium s t er i l i z ed by e i ther mo i s t  
heat o r  i r rad i at i on are no t known t o  have been repo rted i n  
t he l i t e rature . There f o r e , i t  i s  us e fu l  t o  d e t a i l  the 
e f fe c t s  of  heat and i r rad i at i on on med i a  c omponent s . 
P r o t e in s  and ami no ac i ds . Heat i ng aqu e o u s  s o l u t i ons 
o f  0 . 2 - 0 . 5% ( w/ v ) bov ine s e rum al bum i n  at  1 0 0 ° F  for one hour 
des tr oyed 5% o f  the free amino groups ( 2 7 ,  2 8 ) .  Heat may 
de s t roy the pept i de bond be tween ami no and carbonyl g r o ups 
o f  i nd i v i dua l ami no ac i d s  ( 2 7 ,  2 8 ) .  F r e e  ami n o  ac i d s  in an 
aque ous s o l ut i on w i l l  rema i n  unchang ed whe n  a u t o c l aved a t  
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1 2 1 °C f o r  1 5  m i n  by t hemse l ves under an atmos phere o f  
n i t r o g e n  ( 40 ) . Pro t e i ns and ami no ac i d s  are a l s o  damaged by 
i o-n i z i ng f orms o f· i rrad i a t i on . Aromat i c  ami n o  ac i ds are 
generally susc ept i bl e  t o  changes when exposed t o  1 0  m i l l i on 
roen t g en equiva l en t  phys i c a ls ( REP ) ( 2 4 ,  2 5 ) . Read ( 7 8 )  · · det e rm i ned that am i n o  ac i ds i n  pro t e i n s  were mor e  
rad i a t i on - r e s i s tan t than f ree amino ac i d s . G l u t ama t e , 
aspart a t e , ser in e , and g lyc i ne were a l t e red when mi l k was 
i rrad i at e d  w i th 3 to 9 Mrads ( 9 8 ) . Ambe and Tappe ! ( 2 )  
det e rm i ne d  that arg i n i ne , g lutamat e , and meth i on i ne were 
damag e d  when subje c t ed t o  0 ; 5 Mrads but becaus e o f  an 
i nadequat e  expe r iment a l  de s i gn t he amount o f  ami no ac id l o s s  
was no t de t erm i ned . Hed i n  e t  al . ,  ( 3 7 )  subjec t ed bee f to 5 
Mrads o f  gamma i rrad i at i on and f ound c omp l e t e  de s t ru c t i on o f  
c yst e ine and me t h i on i ne i n  the prote i n . H i s t i d i ne 
concen t rat i on decreased by 2 5% wh i l e s e r ine inc reas ed by 
1 2 . 5% for unknown reas ons ( 37 ) . 
The e f fe c t s  o f  i rrad i at i on on TCA i n t e rmed i a t e s  i s  
unknown . I r rad i at i on de s t roys am ino ac i d s  by br eak ing 
carbon- n i t ro g en b onds thus f orm i ng ammon i a , c a r bon dioxide , 
and k e t o - ac id s ( 32 , 103 ) . TCA i n t e rme d i a t e s  d o  no t have 
c a r bon-n i t ro g en b onds , ther e fore , l os s  o f  TCA i nt e rmed i a t e s  
due to i r rad i at i on m a y  be in s i gni f i cant . Aspa r t a t e  and 
g l u tama t e  are a l t e r ed by irrad i at i on to f o rm r e s pec t i ve l y , 
oxa l oace ta te and a l pha - ke t o g l utarate ( 3 2 , 33 , 1 03 )  bo th o f  
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wh i ch can s erve as energy sources for Q .  J eJun i . Glutam i ne 
and asparag i n e  may be c onverted t o  alpha- k e t o g l utarate and 
oxa l oa c e t a t e  by o x i dat i on o f  the carbon- n i t r o g en bonds 
dur i ng i rrad i a t i on .  A l s o, al an i ne may be deam i na t ed t o  f o rm 
pyruva te wh i c h  can be channe l ed i n t o  the TCA c yc l e  ( 3 2 ,  3 3 , 
. . 1 0 3 ) • 
The re are c o n f l i c t ing resu l t s  as t o  wh i c h ami no 
ac i ds are damag ed by i rrad i at i on .  The a l t e ra t i on o f  an y 
ami no ac i d  i s  dependent on the mo i s ture c on t e n t  o f  the 
mate r i a l  be i ng i r rad iated ( 3 ) . Other fac t o rs whic h a f fe c t  
ami no ac i d  de s t ru c t i on by gamma radi at i on i n c l ude : t h e  
c ompos i t i on o f  the mate r i a l  be i ng i rrad i a te d , the t o t a l  
rad i at i on do s e, a n d  t h e  atmo s phere i n  wh i ch t h e  mate r i a l  i s  
i rrad i ated ( 2 ,  7 7 ) · . 
Vi tam i ns . Many v i t am i ns are s e ns i t iv e  t o  h i gh 
temperatur es o r  i rrad i a t i o n . Heat lab i l e  v i t am i n s , s uch as 
thi am i ne in yeas t ext rac t, dec reas ed up to 2 0% as a re s u l t 
o f  s t eam s te r i l i za t i on ( 4 6 ) .  Wat e r - s o lub l e  v i tam i ns are 
damaged when i rrad i ated but the damage sus ta i ned is l e s s  
than that caus ed b y  hea t i ng ( Ta b l e  9 ) . D e s t ru c tion o f  
wate r - s o lu b l e v i t am i ns by i rrad i at i on i nc re a se s  w i th 
i nc reasing mo i s ture content o f  the mat e ria l . Wat e r - s o l ub l e  
v i tam i ns i n  s o l ut i on a r e  v e ry s ensitive t o  i on i z ing 
rad i a t i on . Howeve r , the mo s t  s ensitive B vit amin , thiamine , 
was n o t  damaged in powdered m i l k  irrad i ated w i th 5 . 5 8 Mrads 
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o f  rad i at i on ( 77 ) .  Th i s  lack o f  a de t r imen t a l  i n f luenc e o f  
rad i at i on o n  t h i am i ne was re lated t o  the l ow mo i s ture 
content of the dry mi lk . 
Carbohydrat e s . Carbohydrat e s  are carame l i z ed by 
auto c lav i ng at 1 2 1 °C f o r  1 5  m i n  t o  f o rm t ox i c  p roduc t s  ( 4 6 ) . 
One react i on t ha t  c ommon ly o ccur s i n  heated s o lut i ons 
conta i n i n g  r educ i ng sugars and free ami no g roups is  the 
Ma i l lard o r  brown i ng reac t i on ( 2 6 ) . Th i s  po l yme r i zat i on 
reac t i on o c cur s when carbohydrates wi th reduc i n g  g roups are 
heated in the p r e s enc e of ami no ac i d s  and wat e r  ( 2 6 ) . 
Tabl e 9. De s t ruc t i on o f  v i tamins i n  food by i on i z ing 
rad i at i on and heat ( 77 ) .  
Vi tam i n  
Th i am i ne 
R i bo f l av i n  
Pyr i do x i ne 
N i ac in 
Cho l i n e  
F o l i c  ac i d  
I no s i t o l 
De s t ruc t i on ,  ( % )  
Heat l · I r rad i at i on 
( Cook i ng ) ( 2 . 7 9 Mrad s ) 
6 0 -70 
18 - 2 2  
2 8 - 3 2  
3 0 - 3 5  
- 2 
3 5 _ 
5 5 -6 5  
6- 1 0  
2 4 - 2 5  
0 - 14 
0 
0 
0 - 5  
1 De ta i l s  o f  c o ok i ng proc edure no t g i ve n . 
2 Data unknown. 
The furano s i de s  s u c h  as fruc t o s e  and arabi no s e  are the mos t  
reac t i ve c a r bo hydra t e s  i n  Ma i l l ard reac t i ons , but pyrano s e s , 
such as  g luc o s e , a l s o  reac t ( 2 6 ) . 
The Ma i l lard reac t i o n i s  a s e r i e s o f  c h emi c a l  
r e a rran geme n t s  wh i ch l e ad t o  f o rma t i on o f  a p o l ymer . A 
s o l ut i on c onta i n i ng g l uc o s e  and am i no ac i d s  whe n  autoc laved 
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produc es reduc t o nes b y  the Amado r i  rearrangement o r  through 
the produc t i on o f  aromat i c  r in g s  by r e c ombi na t i on ( 2 6 ) . 
Reduc t ones are fur the r c hanged into dehyd r o r educ t ones wh i ch 
promo te S t re c k e r  degradat i on o f  amino ac i ds and 
copo l yme r i za t i on w i th the f i na l Ma i l lard po l yme r ( 2 6 ) . 
I rr ad i at i on o f  carbohydrates l e ad s  t o  ox i dat i on or  
depo l yme r i za t i on t o  form s ma l l e r  mo l ecul e s , but the degree 
t o  wh i ch t h i s  o c curs i s  s l i gh t . Thus , l i tt l e  measurab l e  
e f fe c t  o f  i r rad i a t i on ori carbohydrates i s  d e t e c t e d  ( 7 7 ) . 
I nh i b i t i on o f  bac te r i a l  g r owth by cul ture med i a . 
I nh i b i t i on o f  bac te r i al g rowth i n  mi c ro b i o l o gical 
med i a  c an re sul t f r om t ox i c  c ompounds f o rmed by s t andard 
autoc l av i ng procedure s  o r  by i rrad i a t i on . Tox i c  c ompounds 
are produce d  by Ma i l l ard reac t i ons ( 2 6 ) , o r  when g l uc o s e ,  
peptones and pho s pha t e s  are autoc laved t o g e ther ( 6 1 ) . 
I n h i b i t i on o f  g r owth can s ome t i me s  be avo i ded i f  g l uc o s e  and 
pho s phate are auto c laved s e parat e l y  and then c omb i ned in  the 
med i um , o r  i f  a de f i ned medium wi thou t g l uc o s e  and pho sphat e  
i s  us ed . S i nc e an unde f i ned med i um , such a s  Bruc e l l a B r o t h , 
c on t a i n s  a l a r g e  numbe r o f  dif ferent c omponen t s , it wou l d  be 
d i f f i cul t t o  dup l i ca t e  the me dium . S ome at t empt s  to 
dup l i c a t e  a yea s t  extract have fa i l ed ( 30 ) . De fined media 
c apa b l e  o f  s uppo r t i ng t he g rowth o f  Q .  Je.iuni have be en 
deve l oped , but o r gan i sms g r own in the s e  de f i ne d  med i a  o f ten 
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d i f fe r  pheno typ i ca l l y f rom the same iso la t e  cul tured in an 
und e f ined medi um ( � 7 ) . D e f i ned med ia must be care f u l l y  
prepared because an imba l ance between c omponents i n  de f ined 
media can r esul t in i nh i b i t i on of g r ow t h  ( 6 7 ) . An 
overabundanc e o f  an am i no ac id that is not u s e d  by the 
o r gani sm may c ompe t e  f o r  an act ive t rans po r t  s i te and s tarve 
the o rg an ism fo r an essent i al am i no ac i d . The o rgan ism may 
al s o  b e come more sensi t i ve to oxygen requ i r ements o r  t ox i c  
c ompounds when c u l tured in de f i ned med i a  because o f  the 
absenc e o f  g rowt h  fac t o rs o r  sequester i ng agents that remove 
tox i c  produc t s  r e sul t ing f rom pho t o -chem i c a l  reac t i o ns . 
I rr ad i at i on dosage f o r  s t er i l i z i ng med i a . 
I n  order t o  de t e rm i ne a l eve l o f  i r rad i at i on wh i ch 
ach i eves s t e r i l z ation w i thout damag ing med i a  c omponen t s , the 
e f fec ts of i r radiat i on on m i c ro o rg an i sms p r e s e n t  i n  
uns t er i l e  med i a  must a l s o  be exam i ned . I n  mo s t  o f  the 
s tud i es repo rted mat e r i a l s  were subjec ted t o  2 M rads up to 6 
Mrads i n  o rde r t o  de t e rm i ne what pro t e i n s , am i n o  ac i d s  and 
vitam i n s  in var i ous foods we re damaged ( 2 6 ,  3 1 , 3 2 , 7 7 , 
1 0 3 ) . Evidence ind i ca t e s  t hat free rad i ca l  f o rma t i on 
induc ed during i rrad i a t i on o f  aqueous med i a  can be avo i ded 
i f  medi a  are irrad i at ed wh i l e f r o zen or  in dehydrat ed form 
( 3 ) . 
Mo s t  bac t er i a , yeas t s �  mo lds and a l l  s p o r e s  o f  
bac te r i a l  o r  funga l o r i g i n have D va l u e s  ( amount o f  
i rradat i on r e qu i r e d  t o  k i l l  9 0% o f  a popu l at i on o f  a g i ven 
o�gani sm )  f r om 9 to 6 0 0  Krads depend i ng on the med i um in 
whi ch they a r e  i r radi ated ( 3 ) . Becau s e  med i a  are 
mac ros c op i cal l y  un i fo rm in texture , and the i n i t i a l  
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· · bac t e r i al c ount i s  l ow , a do s e  o f  1 t o  2 Mrads sho u l d  be 
s u f f i c i ent for c o mp l e t e  s t e r i l i zat i on of med i a  i n  a f r o z en 
o r  dry s ta t e . S t e r i l i z in g  med i a  w i th a l ow mo i s ture c ontent 
us ing l ow dos e s  o f  i rrad i a t i on ( 1  to 2 Mrads ) s h o u l d  
m i n im i z e  l o s s  o f  v i ta l  i n g r e d i ent s in  med i a  a n d  w i thout 
c rea t i ng produc t s  tox i c  to  bac t e r i a l g r owth . 
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MATER I ALS AND METHODS 
Growth o f  Campyl o bact e r  J eJuni i n  aut o c l aved and i rrad i at ed 
med i a  meas ured by a bs o rbanc e . 
Preparat i on o f  i no cu l a . Lyoph i l i z e d  s t ra i n s  o f  Q .  
JeJun i l i s te d  i n  Tab l e  1 0  we re r ehydrat ed i n  autoc laved · · Bruce l la B r o th s upp l ement ed wi th f e rrous s u l f a t e· , s o d i um 
metab i su l f i t e , and s od i um pryuvate ( FBP ) each at  a 
c oncentrat i on o f  0 . 0 2 5% ( w/ v ) ( 6 3 ) . F o r  a l l expe r iment s ,  
s t rai ns were i nc ubated at 4 2 °C in an atmos ph e r e  o f  8 5% N 2 , 
1 0% C0 2 and 5 %  0 2 ( spec i a l  gas ) ( 6 3 ) . L yoph i l i z e d  s amp l e s  
we re rehydrated and g rown f o r  a pe r i od o f  at l eas t 2 to 3 
days . S t ra i ns were c hecked f o r  pur i t y by c u l t u r e  on 
autoc l aved B ruc e l l a Agar c onta i n i ng FBP . Mate r i a l  f rom 
i so l a t e d  c o l on i e s  was g ram s t a i ned and then o b s e rv ed f o r  
c ontam i nat i ng bac t e r i a . S t ra i ns we re t e s t e d  f o r pur i t y 
us ing the fo l l ow i n g  t e s t s : g r owth at 4 2 °C ,  no g rowth at 
2 5 °C ,  s e n s i t i v i t y to  na l i d i x i c  ac i d  ( except s t ra i n  NARTC ) ,  
r e s i s tanc e  t o  c ephal o t h i n , and h i ppurate hydr o l ys i s  ( 6 7 ,  
9 2 ) .  Cu l tu r e s  we r e  l yoph i l i z ed t o  pre s e rve o r i g inal Q .  
j eJ un i  i s o l at e s  and thereby i nsure i s o l a t e  uni f orm i ty dur i ng · 
t he c o u r s e  o f  th i s  s tudy . 
Preparat i on o f  aut o c l aved and i rrad i at e d  med i a . 
Bruc e l l a B r o th and T ryp t i c  Soy Broth we re bo t h  s t e r i l i z ed by 
aut o c l av ing ( 1 2 1 °C f o r  1 5  m i n ) , by i r rad i a t i ng rehydrated 
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Tab l e  1 0 . S t ra i ns o f  Q . .i e .i un i  empl o ye d  i n  t h i s  s tudy l .  
S t ra i n  
M i l k 1 
M i lk · 3 
C h i cken 6B 
S t eak 1 
Na l i d i x i c  Ac i d  
R e s i s tant 
Thermoph i l i c  
Cul ture ( NARTC ) 2 
Be e f  1 
Lamb 1 9 0 5 3  
Pi g 1 0 . 
F r e s h  Wate r  2 
( Wyomi ng S t r e am ) 
Ch i ldren ' s  
H o s p i tal 1 
FR I -C F 7  
Source and date _ Or i g ina l  
o f  i s o l a t i on name 
F ranc i s  and Hunt , FDA , M i lk 1 
C i nc i nnat i ,  OH , 3 / 8 2  
Franc i s  and Hunt , FDA , M i lk 3 
C i nc i nnat i ,  OH , 3 / 8 2  
Franc i s  and Hunt , FDA , Chi cken 6 B  
C i nc innat i ,  OH , 1 / 8 1  
C .  Park , Dept . o f  Heal t h  & S t eak 1 
We l fare , Ottawa , Canada , 1 0 / 8 2  
C .  Park , Dept . o f  Heal t h  & NARTC 
We l fa r e , Ottawa , C anada , 1 0 / 8 2  
B .  F i rehamme r , Montana S t a t e  1 9 5 5 3 
Uni v . , Bo z eman , MT , 4 / 8 1  
B .  F i r e hamme r , Montana S tat e Lamb 1 9 0 5 3  
Un i v . , B o z eman , MT , 1 1 / 8 1  
P .  Turnbu l l , Cent ral Pub l i c  P i g  1 0  
Hea l th Lab , London , 7 / 8 1  
C .  B opp , CDC , A t l anta , A6 3 4 8  
GA , 1 0 / 8 3  
Ch i l dr en ' s  Hospi tal , S t eve Bak e r  
C i nc i nnat i ,  OH , 4 / 8 1 
A .  H e l s t ad , W i s c ons i n  S ta t e  Lab 
of H yg i ene Madi son , W I , 2 / 8 2 
FR I -C F 7  
FR I -C F 1 3 A .  H e l s tad , W i s c ons i n  S ta t e  Lab FR I -CF 1 3 
o f  Hygi ene Madi son , W I , 2 / 8 2 
1 S t ra i ns FR I -C F 7  and 1 3  wer e  obta ined f r om M .  P .  D o y l e , 
Food Research I ns t i tute , Un i vers i t y o f  W i s c on s i n - Mad i s on ,  
Mad i s on W I . A l l  o the r s t ra i ns we re supp l i ed by J .  M .  Hunt , 
Cente r  for  F o o d  S a f e t y  and Appl i ed Nut r i t i on , F o o d  and Drug 
Admi n i s t ra t i on C i nc innat i ,  OH . 
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med i a , o r  b y  i rrad i a t ing t he dry med i um be f o r e  rehyd rat i on . 
S t er i l i z a t i on by gamma i rr ad i at i on was ac c omp l i s hed us i ng a 
c d ba l t  6 0  r a d i onuc l i de s ou r c e  o f  gamma rad i a t i on f o r  a total 
dos e  o f  1 . 5  M rads . Aut oc l aved med i a  we r e  supp l eme n t ed w i th 
0 . 0 2 5% ( w/ v ) FBP prev i ous l y  f i l t e r - s t e r i l i zed ( 0 . 2  �m · · f i l t er , M i l l i po r e  C o rp . , Bedford , MA ) and was added a f t e r  
t h e  auto c laved med i a  we re c oo l ed t o  5 0 °C .  Med i a  t o  be 
i rrad i a t e d  wer e  s uppl emented wi t h  0 . 0 2 5 % FBP be f o r e  
s t e r i l i za t i on . S i x medi a- s te r i l i zat i on t r ea tment 
c ombinat i on s  we r e  prepared as f o l l ows : 
1 .  Auto c l aved l i q u i d  Bruc e l la B r o th ( ALB ) . S e ven ml 
of rehydrated B ruc e l la B r o th was added to 1 3  x 1 0 0  mm 
threaded c u l ture tubes wi t h  s c rew caps and aut o c laved as 
i nd i cated . F i l t e r  s t er i l i zed FBP was a s ep t i ca l l y  added t o  
s te r i l i zed med i a . Tube s o f  med i a  we re opt i ca l l y  ma t ched to 
w i t h i n  1 perc ent t ransm i t tance ( %T )  at 5 9 5  nm u s i ng a Bau s ch 
and L omb Spec t ro n i c  2 0  ( Baus ch and Lomb , Opt i c a l  S ys t ems , 
Roches t e r , NY ) ,  marked t o  i ndi cate mat c h i n g  tube s , and 
s to red in the da rk unt i l  needed . 
2 .  I r rad i at e d  l i qu i d  Bruc e l l a B r o th ( I LB ) . F i ve 
hundred ml  o f  hydrated Bruc e l l a  Broth supp l emented w i th FBP 
was f r o z en t o  - 7 0 °C i n  s ea l ed bag s  of po l ye s t e r  ( 0 . 5  
mi l ) / po l ye t h y l ene ( 1 . 5  mi l ) lami nat e  ( Da z e y  C o rp . , 
I ndu s t r i al Ai rpor t , KS ) ,  bags c onta i n i n g  med i a  wer e  p l aced 
in s t yro f oam c on t a i n e r s  to ma intain t empe rature , and 
i rrad i ated w i th a t o t a l  d o s e  o f  1 . 5  Mrads . Fo l l ow i n g  
s t er i l i z at i on , the med i um was thawed a n d  7 m l  vo l ume s were 
asept i ca l l y  d i s pensed i n t o  s te r i le 1 3  x 1 0 0 mm threaded 
cul ture tube s f i t t ed w i th s c rew c aps . Tubed med i a  we re 
opt ica l l y  mat ched t o  w i t h i n  1 %T , marked t o  i nd i c a t e  
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mat c h i ng tube s , and s t ored i n  the dark f o r  l e s s  t han a week 
be f o re use . 
3 .  I rr ad i at ed dry powder Bruc e l l a  B r o t h  ( IDB ) . 
Powde r ed , B ruc e l la Bro th suppl emented w i th FBP , was we i ghed 
in quant i t i e s  needed to p repare 5 0 0  ml o f  l i qu i d  med i um , and 
s e a l ed in po l ye th y l ene pouches ( Wh i r l - Pak , Nas c o , Inc . For t  
Atk i n s on , W I ) .  The s e  pouches wer e  then s ea l e d  i n  bag s  made 
f rom po l ye s t e r  ( 0 . 5  mi l ) / po l ye thylene ( 1 . 5 m i l ) l am i na t e  
( Da z ey C o rp . ) a n d  - i rradi ated w i th a t o ta l  dos e  o f  1 . 5 Mrads . 
Fo l l ow i ng i rrad i at i on the powder was hydrat e d  w i t h s t e r i l e  
wat er and 7 m l  al i qu o t s  were as ept i ca l l y  d i s pen s e d  i n t o  
s t e r i l e , 1 3  x 1 0 0 mm threaded cul ture tubes f i t t ed w i th -
s c r ew caps , wh i ch were s t andard i zed and s t o r e d  as  des c r i bed 
prev i ous l y . 
4 .  Aut o c l aved l i qu i d  Trypt i c  S o y  B r o t h  s upp l emented · 
w i th FBP and 0 . 5 % ( W/ V ) yeas t ext rac t ( ALT ) . The p r o c edure 
for the preparat i on o f  aut o c l aved l i qu i d  B r u c e l l a  B r o t h  
d e s c r i bed prev i ous l y  w a s  a l s o  us ed to prepa r e  ALT . 
5 .  I rrad i ated l i qu i d  Tryp t i c  S o y  B r o t h  suppl emented 
w i th FBP and 0 . 5 % yeas t ext rac t ( I LT ) . The p r o c e dure f o r  
prepa ra t i on o f  i rrad i a t ed l i qu i d  Bruc e l l a  B r o t h  des c r i bed 
previ ou s l y  was a l •o used to prepare ! LT . 
6 .  I r rad i at e d  dry powder Trypt i c  S o y  B r o t h  
supp l emen t ed wi th FBP and 0 . 5 % yeas t ext rac t ( I DT ) . The 
procedure for preparat i on of i rrad i a t ed , dry powde r , 
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· · B ruc e l l a B r o th des c r i be d  prev i ous l y  was a l s o  u s ed t o  prepare 
I DT . 
Pr i o r  t o  u s e , eac h  med i um was p r e - i ncuba t e d  at 4 2 °C 
for 2 4  h and t hen exami rted for tur b i d i t y . Tubes o f  med i a  
r ema i n i ng c l ea r  we r e  c ons i dered s te r i l e  and s u i t ab l e  f o r  
i no c u la t i on . 
Growth s tud i e s i n  aut o c l aved and i rr ad i at e d  med i a .  
Each med i um was the rmoequ i l i brated at 4 2 °C f o r  2 0  m i n . , and 
i nocu l a t e d  w i t h  1 00 p l  o f  a 2 4  h cul ture o f  Q .  j eJun i  grown 
i n  ABB . Tube c ontent s we re mi xed us ing a v o r t e x  m i xe r  
( Vo rt ex-Geni e ,  S c i ent i f i c  I ndus t r i e s , I nc . , Bohemi a ,  NY ) , 
and percent transm i t tanc e o f  i no c u l ated tubes w i th t i ght ened 
c aps was d e termi ned a t  5 9 5  nm us i n g  a s p ec t ron i c  2 0  ( Bau s c h  
and L omb ) . Un i no c u l a t e d  tubes o f  cul ture med i a  s e rved as 
the b l ank i ng c ontr o l s .  C ap s  on i noculated t ube s of med i a  
we re l o o s ened to fac i l i ta t e  g a s  ( or atmo s ph e re ) exchang e  
a ft er whi ch the tube s wer e  p l a c ed i nto s to r a g e  racks , and 
the s e  rac k s  we re s ea l ed in po l ye s t e r / po l ye th y l e ne bags 
( Da z e y  Co rp . ) .  After t he bag s  c onta i n i ng r a c k s  we�e pur g e d  
w i t h  s pec i al g as f o r  3 0  s ec onds t h r o u g h  rubbe r tub i ng 
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i n s e r t e d  i nt o  a sma l l ho l e  i n  the bag , the bag s  we re s e a l ed 
us ing a heat s e a l e� ( Da z e y  Corp . ) .  The h o l e s  were s ea l ed 
atid bag s we re put i nt o  an incubat o r  ma i n t a i ne d  at 4 2 °C unt i l  
the next read i ng . Tubes were removed ever y  5 t o  1 0  h by 
open i ng bag s , t i gh t e n i ng s c rew caps on t u b e s , and p l a c i ng · · tube s i n  a 4 2 °C wat e r  bath be fore tak ing abs o r b�n c e  
read i ng s . Abs o rbanc e read i n g s  we re r e c o rded , tubes we re 
r e s e a l ed , and i ncubated as i n d i c at ed . Abs or bance read i n g s  
o f  i noculated tube s we re d e t e rm i ned i n  the s ame o rder dur i ng 
each exper iment . The expe r iment was r e pe a t ed 3 o r  4 t ime s 
for each C ampyl o bac t e r  s t ra in . 
At the e nd o f  each exper imen t , s amp l e s  f rom tube s 
suspec ted o f  c on t am i na t i on were plated f o r  i s o l at i on on 
Bruc e l l a Agar c on t a i n i ng FBP and p l a t e s  we re i ncubated 
ae ro b i ca l l y  at 4 2 °C .  P l a t e s  wi th g rowth a f t e r  4 8  h 
i nd i cated that the i noculated tubes o f  med i a  we r e  
c ontam i na t e d  s i nc e Q .  J eJ un i would not have g r own 
ae r o b i c al l y . Whe n  a repe t i t i on o f  the expe r i me n t  was 
c omp l e ted , 8 - 1 0  tube s o f  i n o c u lated medi a  we r e  randoml y  
s e l e c t ed , p l a t e d  o n t o  Bruc e l la Agar supp l ement e d  w i th FBP , 
and incuba t ed a e r o b i c a l l y  f o r  4 8  h .  P l a t e s  e xh i b i t i ng 
growth a ft e r  t h i s  p er i od were presumed c on t am i na t ed . Th i s  
was done a s  a qua l i ty c ont ro l techn i que a n d  i f  t ube s were 
c ontam i na t e d  t hen t he exper iment was repe a t ed . 
Analys i s  o f  da ta . For each s t ra i n , pe r c ent 
3 4  
t ransmi t tanc e va lue s we re converted t o  opt i c al dens i ty us ing 
the f o rmu l a , Abs o�ban c e  = 2 - l og ( %T ) . Abs o r banc e  was 
plb t t ed on the y ax i s  v e r s us t ime on the x ax i s  f o r  each 
g rowth med i um wi t h  t h r e e  to four expe r imenta l  r e p e t i t i ons 
per med i um . Graphs were v i sua l l y  anal y z e d , and l ag and · · s ta t i onary phase s  we r e  d i s carded f o r  each curve . Growth 
rate c ons tan t s· were c omputed us ing a l i near r e g r e s s i on 
program ( S tat i s t i cal Anal ys i s  S y s t em , SAS I ns t i tu t e  I nc . , 
Cary , NC ) f o r  the expon�nt i a l  g r owth pha s e  o f  e a c h  s t ra i n  
cul tured i n  each med i um . S l ope value s  we re ana l y z e d  us i ng 
ana l ys i s  o f  va r i ance ( Proc - Anova ) and Wal l er - Duncan K rat i o  
t t e s t s  ( SAS ) . 
C ompar i s ons be tween plat ing med i a . 
Vi abl e c e l l  number s  i n  broth c u l tur e s  wer e  e s t imated 
by s e r i al d i l ut i ons of broth cul tur e s  dur i ng g rowth , plat ing 
d i lu t i on s  o n t o  s o l i d  cul ture med i a , and enume r a t i ng C o l ony 
Form i ng Un i t s ( CFU ) . Add i t i ona l i nves t i gat i on s  we re done to 
d e t e rm i ne i f  i r rad i at ed or aut o c l aved nut r i en t s  i nc o rporated 
into s o l i d plat i ng med i a  had an e f f e c t  on the numbe r of C FU 
obtai ned . 
Preparat i on o f  pl at i ng med i a . S t e r i l i z a t i on o f  
plat ing med i a  was pe r fo rmed as des c r i bed prev i o us l y . Al l 
med i a  we r e  s upp l emen t ed w i th 0 . 0 2 5 % ( W/ V ) FBP . 
Prepa rat i on o f  the four plat i ng med i a  and 
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s te r i l i za t i on t r eatment c omb inat i ons was a s  � o l l ows : 
1 .  Auto c l aved Bruc e l l a Agar ( ABA ) . Thi rt y  grams o f  
B �uc e l l a Agar ( Gi bc o ) we r e  added t o  1 l i t e r  o f  d i s t i l l ed 
wat er and auto c l aved a t  1 2 1 °C for 1 5  m i n . When med i a  had 
c oo l ed to 5 0 °C ,  f i l t e r  s te r i l i z ed FBP was a s e p t i ca l l y  added 
. . to  s t e r i l e  med i a  and p l a t e s  of mol ten med i um were pour ed 
us i ng about 2 0  m l  o f  med i a  per c u l ture p l a t e . 
2 .  I rrad i ated Bruc e l l a Agar ( IBA ) . Th i rt y  g rams o f  
powde r ed Bruc e l la B r o t h  s upp l emented w i th FBP was we i ghed in  
quant i t i e s n e e de d  to  prepare 1 l i ter of  l i qu i d  med i um , and 
s e a l ed in po l ye t h y l ene pouches ( Wh i r l - Pak , Nas c o , F t . 
Atk i n s on , WI ) .  Pouches were next s ea l ed i n  bag s made f r om 
po l ye s t e r / po l ye thyl ene ( Da z e y  Corp . ) and i r rad i at ed a s  
de s c r i bed prev i ou s l y  f o r  Bruc e l l a  B r o t h . · F o l l ow i n g  
i r rad i at i on , t h e  s te r i l e  powder was added t o  a o n e  l i t e r  
s t er i l e  s o l u t i on c onta i n i ng 1 . 5% agar i n  d i s t i l l ed wat e r , 
and p l a t e s  o f  mo l ten med i um we re poured u s i ng abo u t  2 0  ml  o f  
med i a  pe r c u l t u r e  p l a t e . 
3 .  Aut o c l aved Tryp t i c  S o y  Agar s uppl em en t e d  w i th FBP 
and 0 . 5 % ( W/ V ) yea s t  ext rac t ( ATA ) . The proc e du r e  f o r  
preparat i on o f  aut oc l aved Bruc e l la Agar d e s c r i be d  prev i ous l y  
was a l so us ed t o  prepare ATA . 
4 .  I rrad i at e d  T rypt i c  S oy Agar s up p l ement ed w i th FBP 
and 0 . 5 % ( W/ V ) yea s t  e x t rac t ( I TA ) . The proc edure for 
preparat i on of  i rr adi ated Bruc e l l a  Agar de s c r i bed p r e v i ous l y  
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was a l s o  u s e d  t o  prepare I TA . 
P l a t e  c oun� s and analys i s  o f  data . Preparat i on and 
i rfocul a  t i on o f  g rowth med i a  ALB , I DB , ALT , and I DT wi th 0 .  5 
ml  o f  a 2 4  h c u l ture o f  Q .  Jejun i  s t r a i n  B e e f 1 was done a s  
desc r i be d  prev i ous l y . Growth o f  Q .  j ej un i  s t r a i n  B e e f 1 i n  · · ALB , I DB , ALT , and I DT was measured b y  d e t e rm i n i ng the 
CFU/ml u s i n g  the f our d i f f e rent plat i n g  med i a . V i ab l e  ce l l  
c ount dat a  wer e  t r an s f o rmed l og a r i thmi c a l l y  and ana l yz ed 
s tat i s t i ca l l y  by mu l t i ple l inear r e g res s i on ( SAS ) . Mul t i p l e  
l inear r e g r es s i on w a s  a c c omp l i s hed us i ng a f i f t h  d e g r e e  
po l ynomi a l  wh i c h  was de t e rmined to prov i de the be s t  f i t  by 
p l ot t i ng r e s i dual s  f rom d i f ferent l eve l s  o f  r e g re s s i on . 
H omogene i ty c ompar i s ons de t e rm i ned s i gn i f i cant d i f fe renc e s  
i n  t he number o f  CFU/ml det e c t ed by the d i f fe rent p l at i n g  
med i a  • . 
G rowth o f  C ampylo bact e r  J eJ un i  i n  aut o c l aved and i rrad i ated 
med i a  as  e s t ima t e d  by abs o r bance , p l a t e  c oun t s , and 
f luore s c en c e  m i c ro s c opy . 
Campyl obac t er j e juni i so la t e s  B e e f  1 and M i l k  1 were 
chosen for deta i l ed c ompar i s on of g rowth us i ng ALB , I DB , 
ALT , and I DT a s  g r owth med i a . I rr ad ia t ed l i qu i d  Bruc e l l a  
Broth ( I LB ) and I LT we re n o t  used a s  g r owth med i a  becaus e 
there was no s i gn i f i cant d i f ferences i n  growth r a t e s  o f  the 
twelve s t r a i ns o f  Q .  j ej un i  t e s ted between d r y  and l i qu i d  
i rrad i ated med i a . Expe r ime n t s  we re repe a t e d  3 t i me s f o r  
bo t h  s t ra i ns o f  C .  JeJun i . 
Cul tu r e s  and equipment . S i dearm f l a s k s  ( Be l l co 
Glas s Inc . , V i ne l and , N . J . ) we re prepared f o r  us e by the 
f o l l ow i n g  proc edure . The t op cap o f  the 3 0 0  m l  f l ask was 
dr i l l ed t o  pro v i de a 1 / 3 2  inch ho l e  wh i ch s e rved a s  a po rt 
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· · f o r  gas s in g  the f lask . The s amp l e  port c ap was d r i l l ed to 
pro v i de a 5 / 3 2  i nch ho l e  to be u s ed for i no cu l a t i on and 
s amp l i n g  o f  mat er i a l . S epta mat e r i a l  3 mm t h i ck , f r om 
rubber s h e e t  s to c k  ( Sup� l c o  I nc . , Be l l e fonte , PA ) , was cut 
to f i t  b o t h  c ap type s and s e rved a s  a gasket to prevent a i r  
from ent e r i ng f l as k s  dur i ng · the expe r iment . I no c u l a  we re 
prepa r e d  by r ehydrat i n g  a l yoph i l i z e d  cu l tur e  of Q .  Jejun i , 
g r own a t  4 2 °C i n  ALB for 2 4  hours , and exam i ned 
m i c r o s c op i c a l l y  t o  d e te rm i ne cul ture pur i t y . When 
de t e rm i ne d  pure , 0 . 5  m l  of i n o c u l um was t rans f e r red t o  5 0  ml 
of s te r i l e ALB in a 3 0 0  m l  s i dearm f l ask w i th a s amp l e  po r t  
( Be l l c o  G l a s s I nc . , V i ne land , N . J . ) .  The s i d e a rm was 
f i l l ed w i t h  c u l ture med i um , t he samp l e  p o r t  c ap was 
l o o s ened , and the f l ask was i noculated by i nj e c t i on as 
des c r i bed in I nocul a t i on o f  med i a  and e s t i ma t i on o f  g rowth 
s e c t i on . I mme d i a t e l y  a f t e r  i noculat i on , spec i a l g as was 
used to pur g e  t he headspac e over the c u l t u r e  med i um by 
i n s e r t i ng a 1 8 . 5  gauge nee d l e  through the s ep t um a t  the top 
of the f lask . A f t e r  th i s , the nee d l e  was w i thdrawn and the 
samp l e  po r t  c ap was _ t i ghtened . 
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Preparat i on o f  med i a . Prepara t i on o f  ALB , I DB , ALT , 
and I DT was per f o rmed a s  de s c r i bed prev i ous l y  w i t h  the 
except i on that 50 ml  a l i quo t s  o f  each med ium we r e  prepared 
and added to s i de arm f l as k s  wi t h  s amp l e  port s . 
I no cu l at i on o f  med i a  and e s t ima t i on o f  growt h . A 
· · 3 0 0  m l  s idearm f l ask w i th s amp l e  p o r t  c o n ta i n i ng 5 0  m l  o f  
s te r i l e  ALB was i noculated w i th Q .  j ejun i s t ra i n  Bee f 1 o r  
M i lk 1 a n d  the g r owth o f  the c u l ture w a s  mon i t o re d  s pe c t ra ­
photome t r i ca l l y  a t  5 9 5  ri m  unt i l t ransm i t tanc e w a s  7 0% .  At 
7 0% T ,  the c u l ture was e s t i mated t o  c on ta i n  l x 1 0 9 CFU/ml o f  
med i um a s  de t e rm i ned by pla t e  c ount s  done prev i ou s l y . One 
ml o f  t h i s c u l ture was w i t hdrawn f r om the f l as k  u s i ng a 
s yr i nge f i t t ed w i th a 2 5  gauge 7 / 8  i nc h  s te r i l e  nee d l e a and 
1 0- fo ld d i l ut i on ser i e s  was prepared in · 1 6  x 1 5 0 mm threaded 
c u l ture tubes f i t t e d  wi th s c rew caps c onta i n i ng 9 ml o f  0 . 1 % 
peptone wat e r  prewarmed t o  4 2 °C .  F l as k s  were i no cu l a t ed by 
i nj ec t i n g  s u f f i c i ent c e l l s  to prov i de app r ox i ma t e l y  1 0 0  
C FU/ml o f  growth med i um a s  determ i ned f rom p l a t e  c ount s  
us i ng aut o c l aved B r uc e l la Agar . I n o c u l a t e d  f l a s k s  were 
purged wi t h  spec i a l  gas and i ncubat ed at  4 2 °C o n  a New 
B runs w i c k  R- 2 s hak e r  ( New Bruns w i c k  Inc . , New B runsw i c k , NJ ) 
at 3 0 0  rpm . Abs o r banc e  measurements ,  and p l a t e  c ount s  were 
per i od i c a l l y  d one for approx i mate l y  60 h a f t e r  i n o c u lat i on . 
Morph ol o g i cal d i f f e renc es between s tr a i n s  o f  Q .  j ejun i 
cul t u re d  i n  ALB , I DB , ALT , and IDT we re d e t e rm i ned by 
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plac i ng 1 0 0 u l  o f  a 1 : 1 0 0 d i lut i on o f  a c u l ture onto a 
p rewashed s l i de wi t h  a c i rcum f e r ent i al 1 cm 2 area . The 
samp l e  was a i r  dr i ed on the s l i de , f i xed in a bs o l u t e  
methano l f o r  2 m i n , and s ta i ned for 2 m i n  w i t h  acr i d i ne 
o rang e  ( 1 6 ) . The s l i de s  we re r i nsed i n  d i s t i l l e d  wat e r , a i r  
· · dr i ed , and s to r e d  at 0 °C unt i l  v i ewed us i ng a L e i t z  O rtho lux 
m i c r o s cope w i th ul t ra- v i o l e t l i ght and a KP4 9 0  f i l t e r . 
Pho t o graphs we re taken o f  four randoml y  s e l e c t ed f i e l ds on 
each s l i de us i ng Ectach�ome 4 0 0  ASA s l i de f i lm ( Ko dak ) . 
Analys i s  o f  data . Abso rbance dat a  f rom each s tr a i n  
cul tured i n  each g rowth med i um was s tat i s t i ca l l y ana l yzed b y  
mul t ip l e l i near r e g r e s s i on us ing a s ixth de g r e e  p o l ynomi a l  
( S tat i s t i ca l  Ana l ys i s  Sys t em , SAS Ins t i tute I nc . , C a r y , NC ) . 
P l a t e  c ount data was s t at i s t i cal l y  ana l y z ed b y  mu l t i p l e  
l i near r e g r e s s i o n  us i ng a f i fth degree po l yn om i a l . 
H omogene i t y  c ompa r i s ons be tween pred i c t ed g r owth curve s for 
d i f fe rent s t ra i n s  d e t e rm i ned s i gn i f i can t d i f f e renc e s  i f  any 
for abso r banc e  and p l a t e  c ount dat a . 
Growth i n i t i at i on us i ng d i f fe rent leve l s  o f  i no c u l a . 
The a b i l i t y  o f  ALB , I DT , and ALT t o  s uppo rt g r owth 
o f  sma l l  numbe rs o f  Q. j eJun i  was s tud i ed us i ng s t ra i ns be e f  
1 ,  mi l k  1 and l amb 6 b . The med i um ALB w i l l  s t i mu l a t e  
g r owth o f  Q .  j e j un i  a t  0 . 1 CFU/ml ( 4 4 ,  6 6 ) and th i s  med i um 
was used as a po s i t i ve con t r o l  to  mon i t o r  the exper iment . 
Preparat i on o f  inocula was as de s c r i bed prev i ous l y  
except that c u l t u r e s  f o r  i no c u l a  we re d i luted u s i n g  0 . 1 % 
s t e r i l e  peptone water t o  o bta i n  approx ima t e l y  1 0 0 , 1 ,  and 
0 . 1  CFU/ml . Tur b i d i me t r i c  measurement s  we re done us i n g  a 
Baus ch and L omb s pe c t roni c 2 0  adj u s t ed t o  a wave l ength o f  
40 
· · 5 9 5  nm , and pl a t e  coun t s  were taken f r om a l l  f l as k s  s tart i ng 
at 1 7  h a ft e r · i no c u l a t i on . When the concentrat i on o f  
bac t e r i a  i n  a g r owth f l as k  resul ted i n  tur b i d i me t r i c  val u e s  
o f  8 0% t ransm i t tanc e , t h e  C FU/ml was de t e rm i n ed f o r  a l l 
f la s k s  a t  that part i cu lar l ev e l  o f  i n o c u l um ( i . e .  f lasks 
c onta i n i ng ALB i n o c u l a ted w i th 1 CFU/ml of Lamb 6 b ) . Co l ony 
f ormi n g  uni t s  were d e term i ned by p la t e  c ount s as de s c r i bed 
pre v i ou s l y . The 1 7  h t ime and 8 0% T pa rame t e r s  we re cho s en 
as s ta r i n g  and end i n g  po i n t s  becau s e  s h o r t l y  a ft e r  1 7  h ,  
c u l ture s reached 8 0% T wh i c h  was de t e rm i ne d  t o  be t he upper 
range of l ogar i t hm i c phas e of growth . 
Ami no ac i d  ana l y s e s  o f  aut oc laved , i r rad i a t ed , and unt reated 
medi a .  
Three s amp l e s  ( ALT , I DT , and unt reat ed ( ULT ) ) o f  
T r ypt i c  S o y  Broth we re ana l yzed for d i f fe r en ce s  i n  am ino 
ac i d  c on t ent . Each d r y  med i um was rehydrated vo l ume t r i cal l y  
b y  add i ng t h e  proper amount o f  med i um t o  mak e  5 0  m l . 
F i ve - hund r e d  m i c ro l i t e r s  o f  each s amp l e  was hydr o l yz ed w i t h  
6 N  H C L  unde r  N 2 g a s  f o r  2 4  hours and d i l ut e d  t o  a f i na l  
v o l ume o f  2 5 0  m l  w i th d i s t i l l ed water . At that t i me 1 0  ml 
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o f  the hyd r o l yzate was evapo rated unt i l  dry and 
r e c on st i tu t e d  by d i s s ol v i ng in 5 ml of s o d i um c i t rat e buf fe r  
( pH 2 . 2 ) . The so lut i on was f i l t ered through a 0 . 4 5 um 
membrane f i l t er and s tored f r o zen unt i l  ana l y z e d . S amp l e s  
we re ana l yzed ( Anal yt i c a l  S e rv i c e s , S tat i on B i o c h em i s t ry , · · South Dak o t a  S ta t e  Un ivers i t y ) by i n j e c t i n g  5 0 0  p l  o f  each 
samp l e  into a · Beckman 1 1 8 BL am ino ac i d  ana l y z e r  w i t h  a 9mm 
x 2 6 . 3 mm re s i n  bed . A f t er i n j e c t i ng samp l e s  i n t o  the c o l umn 
on the anal y z e r , the c o lumn was e luted wi th s od i um c i t rate 
bu f f e r  ( pH 3 . 4 9 ) ma i n t a i ne d  a t  5 0 °C .  Twen t y - f ive m i n  into 
the anal ys i s , e lut i on was c ont inued us ing a s o d i um c i t rate 
buf fer ( pH 4 . 1 2 ) . A f t e r  thi r t y  m i n  the t empe rature o f  the 
co l umn was ra i sed to 7 2 °C .  F o r t y - one m i n  i n t o  the ana l ys i s  
e l ut i on was c ont i nued us i n g  a s od i um c i t r a t e  buf fe r  ( pH 
6 . 4 ) . At 1 1 5  m i n  the ana l ys i s was c omp l e t e . 
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RESULTS 
Gr owth o f  Ca�pyl o bac t e r  J eJun i  i n  auto c l aved and i rrad i ated 
m�d i a  as  meas u r ed by abs o r banc e . 
D i f f e rent c omb i na t i ons o f  med i a  and s t er i l i zat i on 
proc edures prov i ded s i x g r owth med i a  ( ALB , I LB , I DB , ALT , · · I LT , and I DT ) f o r  each o f  the 1 2  s t rains . Tur b i di me t r i c  
mea s ur ement s  we re made dur ing i ncubat i on o f  b r o t h  c u l t ures 
us ing 3 t o  4 repe t i t i on s  for each c omb i na t i on of  med i um and 
s t ra i n . Data f o r  the logr i thm i c  phas e o f  g rowth f o r  each 
s t ra i n  { Append i x  A ,  Tabl e s  A l -A 1 2 )  we re s ub j e c t e d  to 
regres s i on ana l ys i s . C o r r e lat i on c oe f f i c i en t s  o f  l i near 
r e g r e s s i on l i nes were s i gn i f i cant a t  the 9 5% p r o bab i l i ty 
leve l o r  h i gher ( P�0 . 0 5 ) . A repre s entat i ve s e t  o f  g rowth 
data and r e g r e s s i on l in e s  c omputed f r om · the s e  data f o r � .  
J e j uni s t ra i n  C h i c k e n  6 b  is  pre s en t ed in F i g u r e  1 .  
Mean genera t i on t ime s o f  the 1 2  C .  j e J un i  s t ra ins 
c u l t ured i n  s i x med i a  were l ow and abs o rbance va l ue s  
presented i n  Append i x  A we re r e c o rded f r om 0 . 0 0 0  t o  0 . 2 9 2 . 
The s e  l ow abs o rbanc e value s we re probabl y due t o  the 
methodo l ogy used in th i s  p r e l imi nary expe r i me n t . Sma l l  
d i amet e r , 1 3  x 1 00 mm , tubes we re u s e d  for g rowth med i a  and 
y i e l ded a l ow sur face area to vo l ume rat i o , the r e f o r e , 
inadequa t e  m i x ing o f  the ove r l y ing atmo sphe r e  w i th the 
growth med i um pr obab l y  oc curred . 
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Campyl o bac t e r  JeJun i  g rows bes t  in  an atmo s ph e r e  hav i n g  a 
reduced oxygen tens i on . Presumab l y 1 when tube s w e r e  
i ncubat ed s ta t i c a l l y  at 4 2 °C wi th l im i ted expo s ure to 
atmo s pher i c  oxygen , only c u l ture med i um at the t o p  of the 
tube conta i ned the appropr i ate d i s s o lved o xyg en 
c oncentrat i on nec e s s a r y  for cul t i vat i ng a m i c ro�e roph i l e  
such a s  Q .  JeJun i . Generat i on t i mes we re l ow ( F i gure 1 )  bu t 
per fo rm i ng g rowth curves on al l 1 2  s t ra i ns i n  a l l s i x 
cul ture med i a  a t  the s ame t i me made s ta t i s t i c a l  ana l ys i s  
appropr i at e  i n  i t s  c ompar i s on s  between s l ope val u e s  o f  the 
pred i c ted r e g re s s i on l i ne s . S l ope va lues f rom l i near 
r e g re s s i on equa t i ons c omput e d  dur i ng the ana l ys i s  of g r owth 
of Q.  J e iun i  s t ra i ns in  the var i ous med i a  a r e  l i s t ed i n  
Tab l e  1 1 . Val ue s  ·ranged f r om 0 . 0 0 0 3  t o - 0 . 0 0 6 4 . M os t  Q .  
Je iun i  s t ra i n s  had h i gher s l ope va lues when c u l tured i n  
B ruc e l l a  B r o t h  al though s t ra i n  NARTC g r ew bes t  i n  the 
Trypt i c  Soy Broth med i a . Ana l ys i s  of Var i anc e ( ANOVA ) 
reveal ed a d i f f e rence between mean s l ope val u e s  o f  o rgan i sms 
c u l tured in the var i ous med ia at the 9 9% l eve l o f  
probab i l i ty ( P�0 . 0 1 )  ( Tabl e 1 1 ) . 
Wa l l e r - Duncan K rat i o  t t e s t s  s howed that mean s l ope 
val ue s f o r  Q .  J e i un i  s t ra i ns g r own i n  ALB , I LB , and I DB 
were not s i gn i f i cant l y  d i f fe rent . Mean s l ope va l ues o f  Q .  
J ej un i  s t ra i ns g r own i n  I LT and IDT we re a l s o  n o t  
s i g ni f i can t l y  d i f f erent f r om e a c h  other , b u t  we re 
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Tab l e  1 1 . S l ope values generated by l i near r e g re s s i on 
ana l ys i s  o f  turb i d i me t r i c  measurements f r om g r owth o f  
Cam:QI:l o bac t e r  .i e.jun i s t ra i ns c u l tured i n  s i x med i a . 
S t r a i n  Treatment med i a  
ALB I DB I L B  ALT I DT I LT 
Bee f 1 0 . 0 0 2 4  0 . 0 0 2 3  0 . 0 0 2 3  0 . 0 0 0 6  0 . 0 0 0 8  0 . 0 0 0 9  
Chi cken 6 b  0 . 0 0 3 7  0 . 0 0 4 2  0 . 0 0 4 3 0 . 0 0 2 0  0 . . 0 0 2 9  0 . 0 0 2 5  
Chi l d  H o s p . 1 0 . 0 0 3 1 0 . 0 0 3 2  0 . 0 0 3 1  0 . 0 0 1 2  0 . 0 0 1 9  0 . 0 0 1 7  
FRI  C F - 1 3  0 . 0 0 2 3  0 . 0 0 1 9  0 . 0 0 2 5  0 . 0 0 0 9  0 . 0 0 1 5  0 . 0 0 1 6  
FRI CF - 7  0 . 0 0 5 2  0 . 0 0 4 8  0 . 0 0 4 4  0 . 0 0 1 7  0 . 0 0 2 7  0 . 0 0 3 2  
F r e s h  Wat e r  6 0 . 0 05 7 0 . 0 0 6 4  0 . 0 0 5 8  0 . 0 0 4 4  0 . 0 0 4 6  0 . 0 0 4 6  
Lamb 0 . 0 0 3 4  0 . 0 0 4 1 0 . 0 0 3 4  0 . 0 0 1 4  0 . 0 0 2 3  0 . 0 0 2 3  
M i lk 1 0 . 0 0 4 6  0 . 0 0 3 7  0 . 0 0 3 3  0 . 0 0 1 2  0 . 0 0 2 6  0 . 0 0 2 6  
M i lk 3 0 . 0 0 2 5  o · . o o 3 7  0 . 0 0 4 0  0 . 0 0 0 7  0 . 0 0 1 3  0 . 0 0 1 2  
NARTC 0 . 0 0 0 5  0 . 0 0 0 3  0 . 0 0 0 6  0 . 0 0 1 1  0 . 0 0 1 0  0 . 0 0 1 3  
P i g  1 0  0 . 0 0 0 8  0 . 0 0 0 6  0 . 0 0 1 1 0 . 0 0 1 1 0 . 0 0 1 6  0 . 0 0 2 0  
S teak 0 . 0 0 3 8  0 . 0 0 4 5  0 . 0 0 3 9  0 . 0 0 1 8  0 . 0 0 2 5  0 . 0 0 3 7  
1 1 1 2 3 3 
Mean s l ope 0 . 0 0 3 2  0 . 0 0 3 3  0 . 00 3 2  0 . 0 0 1 5  0 . 0 0 2 1  0 . 0 0 2 3  
1 , 2 , 3 Mean s l ope val u e s  havi ng d i f feren t  supe r s c r i pt s  are 
s i gn i f i c ant l y  d i f fe rent f r om each o the r ( P�0 . 0 1 ) . 
s i gn i f i c ant l y  d i f fe rent f r om mean s l ope val u e s  o f  s t ra i ns 
cul tured i n  the three Bruc e l l a Broth med i a  o r  i n  ALT . 
Data f rom s tr a i ns c u l tured i n  i rrad i ated Tryp t i c  S oy B roths 
y i e lded h i g h e r  mean s l ope va l ue s  when c ompared to s t ra i ns 
c u l tured in aut oc l aved Tyrpt i c  Soy Broths . Pred i c te d  
regres s i on l i ne s p r e s ented i n  F i gure 2 ,  we re g ene rated fr om 
mean s l ope values ( Tabl e  1 1 ) us i ng the l i near mode l y=mx+b . 
Thes e  r e g re s s i on l i nes repre s ent a l l s t r a i ns o f  Q .  j ejuni  
c u l tured i n  each g rowth med i um or approx i ma t e l y  4 3  growth 
curves pe r re g re s s i on l i �e . 
4 8  
0 
,.. 
0 
CX) 
0 
0 
(g 
0 
0 
� 
0 
0 
3:>N'18�0S8'o' 
N 
0 
0 
0 
N 
lt) 
,.. 
0 
,.. 
w 
:E 
;:: 
49 
5 0  
Pre l im i na ry g rowth expe r imen ts s umma r i z e d  i n  F i gures 
1 and 2 and Tab l e · 1 1  i nd i c a t e  that the d i f f e r en t  
s t e r i l i z a t i on methods had n o  e f f e c t  on t he a b i l i t y  o f  
Bruc e l l a  B r o t h  t o  s uppor t  growth o f  Q .  j ejuni s t ra i n s . 
Howeve r ,  t h e r e  was a s i g n i f i cant d i f fe renc e i n  g rowt h o f  
s tr a i ns cul tured i n  the T r yp t i c  Soy B r o t h  s t e r i l i zed by 
e i ther i rrad i at i on or auto c lav i ng . S t ra i ns c u l t ured in I DT 
and I LT had h i gh e r  g r owth rat e s  t han s tr a i n s  g ro wn i n  ALT . 
No d i f fe rence was f ound be tween the mean s l ope va l ue s  o f  
s tr a i ns cul tured i n  med i a  i r rad i at ed i n  l i qui d  o r  dry 
powde red f o rm f o r  broth medi a . S i nc e i r rad i a t ed dry med i a  
w e r e  eas i er t o  p repar e , t h e  u s e  o f  i rrad i at e d  l iqu i d  g rowth 
med i a  was d i s cont i nued and only i r radi at ed dry med ia was 
u s e d  f o r  subs e quent s tudi e s . 
C ompa r i s o n s  b etween p la t i ng med i a . 
Be f o r e  a p l a t i ng m ed i um could be cho s en , the e f fe c t s  
o f  autoc l a v i n g  and i rrad i a t i on o n  the g rowth o f  Q .  jeJun i  
c u l tured o n  p l a t i ng medi a  w a s  s tud i ed . The i nt en t  o f  t h i s 
expe r iment was t o  de t e rm i ne a pla t i ng med i um that wou l d  
r ec ov e r  t he l a r g e s t  number o f  CFU/ml f r om l i qu i d  c u l ture 
med i a  t e s t ed . 
S t ra i n  Bee f 1 was cul tured i n  ALB and I DB . At 
var i ous t i me i n t e rva l s , plate c ount s  we r e  de t e rmi ned u s i ng 
auto c l aved B ru c e l l a  Agar ( ABA ) , and i rrad i a t e d  d r y  Bruc e l l a  
Broth added t o  s t e r i l e me l ted agar ( I BA ) as  p l a t i ng med i a  
( Tabl e  1 2 ) . 
No s i gn i f i c an t d i f f erence between the two agar 
plat i ng med i a  was found for de t ec t ing numbe r s  o f  C .  Je i un i  
s tr a i n  B e e f  1 .  S i nce ABA was equal t o  I BA i n  t h i s  s tudy , 
I BA was not u s e d  f o r  the next s e t  o f  c ompar i s ons be tween 
p l a t i n g  med i a �  S t ra i n  Bee f 1 was then c u l t u r e d  i n  the 
l i qu i d  med i a  ALT and I DT , and CFU/ml we re per i od i ca l l y  
d e t e rm i ne d  u s i ng ABA , ATA , and ITA as p l a t i ng med i a  ( Tabl e 
1 3 ) . 
P l a t e  c ount s  det e rmined at 1 9  h f r om c u l t ur e s  
growi ng i n  I DT had unus ual ly h i gh va lues . S ta t i s t i c al 
ana l ys i s  u s i ng homogene i t y  compar i sons r eveal ed no 
d i f fe renc e be tween the three agar plat i ng med i a  f o r  
d e t e c t i ng C FU/ml o f  Q .  jejun i  s tra i n  B e e f 1 c u l tured i n  
g rowth med i a .  S in c e  no s i gn i f i cant d i f fe renc e s  c ou l d  be 
det ermi ne d  in the num be r  of C FU/m l  de t e c t e d  by the p l a t ing 
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med i a  s tud i ed , on ly ABA was us ed f o r  d e t e rm i n i ng v i ab l e  c e l l  
numbe r s  i n  subs equent expe r iments . 
Growth o f  Campyl o bac t e r  j ejun i  i n  aut o c laved a n d  i r rad i at ed 
med i a  a s  e s t i ma t ed by abs orbanc e , p l ate c ount s , and 
f l uo r e s c ence m i c r o s copy . 
S t r a i n s  we re di v i ded i nt o  two g r oups ba s e d  on 
r e s u l t s  o f  Wa l l e r -Duncan k - rat i o  t tes t s . One g roup 
repre s en t e d  thos e  s t r a i n s  ( F r e s h  Wat e r  6 ,  FRI C F - 7 , M i lk 1 ,  
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Tabl e  1 2 . Plate counts of Campylobac t e r  J eJ un i  s t r a i n  Bee f 
1 cul tured i n  ALB and ! DB us i ng autoc l aved l i qu i d  Bruc e l l a  
Agar ( ABA ) , and i rrad i ated powdered B ruc e l la B r o t h  added t o  
s ter i l e me l t e d  a g a r  ( I BA ) as a plat ing med i um . 
I ncubat i on 
t i me , h 
0 
9 
1 4  
2 3  
L i qu i d  g r owth 
med i um 
! DB 
ALB 
I DB 
ALB 
I DB 
ALB 
I DB 
ALB 
Agar pla t i ng med i um 
I BA l  ABA 
7 . 1 2  
6 . 8  
6 . 5  
6 . 5  
5 . 7  
5 . 9  
9 . 2  
9 . 5  
9 . 2  
8 . 9  
8 . 3  
8 . 2  
1 0 . 0  
1 0 . 2  
9 . 6  
1 0 . 0  
8 . 8  
8 . 8  
1 0 . 0  
1 0 . 2  
9 . 6  
1 0 . 0  
9 . 5  
9 . 9  
7 . 4 2  
7 . 1  
6 . 6 
6 . 4 
6 . 0 
5 . 6  
9 . 3  
9 . 5  
9 . 0 
9 . 0 
8 . 0  
8 . 1  
1 0 . 1  
1 0 . 1  
9 . 9  
9 . 9  
9 . 0 
8 . 8  
1 0 . 1  
1 0 . 1  
9 . 9  
9 . 9  
9 . 5  
9 . 6 
1 Mean values f r om dup l i ca t e  plate s . 
2 L o g 1 o C FU / m l  de t e c t ed by IBA and ABA were n o t  
s i gn i f i cant l y  d i f f erent as determ i ned by h o mo g e ne i ty 
c ompar i sons o f  dat a  i n  each row . 
Lamb , and S t eak ) hav i ng the h i gher growth rat e s  a s  e v i denc ed 
by s l ope s o f  r e g r e s s i on l i nes , wh i l e  the s e c o nd g roup 
repr e s en t e d  t ho s e  s t ra i n s  ( Bee f 1 ,  Chi cken 6 b , Ch i l d 
H o s p i ta l  1, FRI C F - 1 3 , M i l k  3 ,  NARTC , and P i g  1 0 ) hav i ng 
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Tab l e 1 3 . Plat e coun t s  o f  Ca�pyl o bac t e r  j ejun i s t ra i n  Bee f  
1 c u l t ur ed i n  ALT , and I DT us i n g  aut o c laved l i qu i d  B ruc e l l a  
Agar ( ABA ) , aut oc laved l i qu i d  Trypt i c  S o y  Agar ( ATA ) , and 
i rrad i at ed powd e r ed Trypt i c  Soy B r o t h  adde d  to s t er i l e 
me l t ed agar ( I TA ) as  agar plat i ng med i a . 
Incuba t i on L i qu i d  g rowth 
t ime , h med i um 
0 I DT 
ALT 
1 0  I DT 
ALT 
1 9  I DT 
ALT 
4 1  IDT 
ALT 
Agar pla t i ng me d i um 
ITA l ATA ABA 
5 . 8 2  
5 . 8 
5 . 8 
5 . 9  
6 . 0 
5 . 9 
5 . 9 
6 . 0  
9 . 0  
8 . 9  
9 . 6  
9 . 6  
9 . 0  
9 . 0  
9 . 0  
9 . 0  
1 1 . 5  
1 1 . 6  
1 1 . 9  
1 1 . 9  
9 . 2  
9 . 2  
9 . 0  
9 . 2  
8 . 9  
8 . 8  
8 . 6  
8 . 8  
7 . 8  
7 . 9  
8 . 0  
8 . 1 
5 . 9  
5 . 8  
5 . 9  
6 . 0  
5 . 9  
5 . 8  
• 5 .  9 
6 . 0  
9 . 0  
8 . 9  
9 . 7  
9 . 6  
8 . 9  
8 . 8  
9 . 0  
8 . 9  
1 1 . 6  
1 1 . 7  
1 1 . 9  
1 1 . 8  
9 . 0  
9 . 1 
9 . 1  
9 . 1  
8 . 9  
9 .  1 
8 . 6  
8 . 6  
7 . 8  
7 . 9  
8 . 0  
7 . 9  
5 . 9 2  
5 . 8  
6 . 1  
6 . 0  
6 . 0  
5 . 9  
6 . 0 
6 . 0  
9 . 0  
9 . 0  
9 . 6 
9 . 7  
9 . 0  
8 . 9  
9 . 0  
9 . 1  
1 1 . 6  
1 1 . 7  
1 1 . 9  
1 1 . 9  
9 . 3  
9 . 3  
9 . 0 
9 . 0  
9 . 0  
8 . 9  
8 . 7  
8 . 6  
8 . 0  
8 . 0  
7 . 8  
8 . 0  
1 Mean va l ue s  f rom dup l i c a t e  p l a t e s . 
2 L o g 1 o C FU / m l  d e t e c t e d  by I BA and ABA we r e  n o t  
s i g n i f i c an t l y  d i f f e rent as d e t e rm i ne d  b y  homo g e ne i t y 
c ompar i s ons o f  da ta i n  each row . 
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l owe r rat e s  o f  g r owth ( Append i x  A ) . From each o f  the two 
g roups , a s i ng l e  s t ra i n  was s e l e c t e d  wh i ch d i s p l ayed a 
g rowth rate that was s tat i s t i ca l l y  ind i s t i ng u i s hab l e  from 
o ther g r owth rat e s  f o r  s t ra i ns in that g r oup . S t ra i ns Bee f  
1 ( l ow g rowth r a t e ) and M i l k  1 ( h i gh g r owth rate ) we re 
c u l tured i n  ALB , I DB , ALT , and I DT , and g r owth was mon i t o r ed 
s pe c t r o ph o t ome t r i�a l l y  ( 5 9 5  nm ) and by p l a t e  c ount s . 
Mul t ip l e  l inear r e g r e s s i on that was pe r fo rmed on a b s o r banc e  
data i nd i c a t e d  s i g n i f i cant d i f fe renc e s  ( P�0 . 0 1 )  be tween 
g rowth o f  the s t r a i n s  on the var i ous c u l ture medi a  a s  a 
func t i on o f  i nc u bat i on t i me . Abso rbanc e val ue s , p l a t e  
c ount s  and r e g r e s s i on l i nes f o r  � .  i eJuni s t ra i n s  M i l k 1 and 
Bee f 1 c u l tured in four l i quid growth med i a  are shown i n  
F i gu r e s  3 t o  6 r e s pe c t i ve l y . F i gu r e s  3 and 4 show g r owth o f  
s t ra i n  M i l k  1 i n  c u l ture med i a  w i th F i gu r e  4 be i ng a 
c ompo s i t e . F i gu r e s  5 and 6 s how growth o f  s tr a i n  B e e f  1 in  
cul ture med i a , F i gure 5 b e i ng a c ompo s i t e . B o t h  s t ra i ns 
cul tured i n  ALB and IDB y i e lded s imi l a r  curve s f o r  
abs o r bance va lues and v i ab l e  c e l l  numbe r s . The s e  s t ra i n s 
when c u l tured i n  ALT and I DT y i e lded d i f f e rent a b s o r bance 
curves but s i m i lar v i ab l e  numbe rs ( F i g u r e s  3 - 6 ) . 
H omogene i t y  t e s t s  p r oved t hat there was not a s i gn i f i cant 
d i f f e renc e between abs o rbanc e va l ue s  o r  v i a b l e  c e l l  numbe rs 
of s t r a i n s  c u l tured in  ALB and IDB . Abs o r banc e  va l u e s  taken 
pe r i od i c a l l y  dur i ng growth of s t ra ins Be e f  1 and M i l k 1 i n  
5 5  
t he four l i qu i d  med i a  revealed hi ghl y s i g n i f i cant 
d i f fe r enc e s  ( P�O . O l ) be tween s tra i n s  c u l t u r e d  i n  ALT and IDT 
( F i gu r e s  4 and 6 ) . Abs o r banc e va l u e s  for s t ra i n  M i l k  1 and 
Bee f 1 c u l t ur e d  in I DT reached to at l eas t 0 . 4 ,  but when 
c u l tured i n  ALT abs o r banc e reached on l y  to about 0 . 2  
( F i gu r e s  3 and 4 ) . H owev e r , even though abs o rbanc e values 
were s i g n i f i cant l y  d i f f erent be tween o rgan i sms c u l tured in 
ALT and I DT , p late c ount s  were no t s i gn i f i cant l y  d i f fe rent 
( F i gu r e s  3 and 4 ) . Abs o r banc e va lues for s t r a i n  M i lk 1 
c u l tured i n  I DT we re a l s o  s i gni f i c ant l y  d i f fe r ent f rom 
va l u e s  r e c o rded f o r  ALB and !DB ( F i gu re 4 ) . 
S t ra i n s  c u l tured i n  I DT were v i sual l y  mo r e  turbid 
than c u l t u r e s  growing i n  the other three med i a . A l s o , 
s t r a i ns c u l tured · in  ALT were not as t u r b i d  a s  s t ra i ns 
cul tured i n  I DT , ALB and ! DB al though v i a b l e  numbe rs in a l l  
four g rowth med i a  were s im i l ar ( F i gu r e s  4 and 6 ) . Howeve r , 
c u l tures g rown i n  ALB , ! DB , and I DT reached max i ma l  c e l l  
c oncentrat i on s  o f  l x l Q l O  C FU/ml c ompared t o  3 x 1 0 9  CFU/ml for 
c u l t u r e s  g rown i n  ALT . 
S amp l e s  subj e c ted t o  s t a i n i n g  and f l uor e s c ence 
mi c ro s c opy we re taken f r om g rowt h f la s k s  a t  i n t e rva l s  a f t e r 
2 4  h i ncubat i on t o  s tudy mo rpho l o g i ca l  charac t e r i s t i c s  o f  
s t ra i ns c u l tured i n  g r owth med i a . Campyl o ba c t e r  Je i u n i  
s t ra i ns B e e f 1 and M i lk 1 exhi b i t e d  s im i l ar morpho l o gy when 
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Figure 4 .  Multiple linear re gression lines from absorbance values and l og t o  
viable cel l numbers o f  Camovl ribacter jejuni stra in M i l k  1 cultured in autocl aved 
liqu i d  Brucel l a  Broth ( ALB ) (-4 , irradiated dry powdered Brucel l a  Broth ( I DB ) 
(- --) , auto c l aved liqu i d  Trypti c  Soy Broth ( ALT ) , . . (--) , and irradiated dry powdered 
Trypti c So y Broth ( I DT )  (-) . Tryptic Soy Broth media were. supplemented with 
0 . 5 % ( w/ v ) yeast extract and a l l  med i a  were supplemented with ferrous sulfate , 
sodium metabisulfite, and sodium pyruvate each at a c oncentrati on of 0 . 0 2 5% 
( w/ v ) . Absorbance was measured at 5 9 5  nm . Correlation c oefficients were highly 
s i gni f i cant ( PiO . O O l ) .  
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· F i g ure 5 .  Mul tiple linear regres sion lines from abso rbance va l ues (e) , and 
l og t o  viable cell numbers (0) of Campylobacter jejuni strain Beef 1 cultured i n  
autoclaved liquid Brucella Bro th ( ALB ) , irradi ated dry powdered Brucella Bro th 
( I DB ) , aut oclaved liquid Tryptic Soy Bro th ( ALT ) , and irradiated dry powdered 
Tryptic Soy Bro th ( I DT ) . Tryptic S oy Bro th media were supplemented w i th 0 . 5% 
( w/ v ) yeas t  ex tract and all media were supp lemented with ferrou s  s u lfate , s odium 
metabis ulfi te , and s od i um pyruvate each a t  a concen tra tion of 0 . 0 2 5% ( w/ v ) . 
\ ·  
ALB • 
0.1 tO IDB 0.7 10 
• 0.4 • 0.1 
I o.a I 0.1 
7 o.a 7 0.4 
• 0.1 • 0.1 
I 0.0 ' I o.a ·. 
4 4 0.1 -
' ' 0.0 % -0 2 . a 
0 
-
1 . 1 w - 0 I 10 11 20 21 30 u 40 41 50 0 I 10 11 ao 21 30 31 40 41 10 0 
E z � ....... 
::J m 
II. a: 
u IDT 0 ALT 
.1 50  10 0.1 en CJ 10 � 0 .  • .221 � • • 0.4 ... .200 • . Ill • 0.1 
1 . 1 10  7 o.a 
• . 1 21 • 0.1 
I 
. 100 
I 0.0 .071 
4 
.050 
4 
3 .oas ' 
2 .000 
0 I 10 1 5  20 25 30 35 40 45 50 0 I 10 1 1  20 21 30 31 40 41 10 
TIME (h) en 
..... 
Fi gure 6 .  Mul t i ple l i near regres s i on l i nes from absorbanc e va lues and l og t o  
viable cell  nu�be rs o f  Campyl obacter jejuni s trai n  Bee f 1 cul tured i n  autoc laved 
li quid Bruce ll a Broth ( ALB ) �� , i rradiated dry powdered Bruc e l l a  B r o th ( I DB ) 
(- -� , autoc laved l iqu id Trypt i c  Soy Broth ( ALT ) (··· ··) , and i r rad iated dry powdered 
Trypt ic  Soy Broth ( IDT ) (-) • Trypt i c  Soy Broth media we re· s upplemented wi th 
0 . 5 % ( w/v ) yeas t ext rac t and al l media were suppl emented wi th ferrous sul fate , 
sodium me tab i s u l f i te , and sodium pyruvate each at a concentrat i on o f  0 . 0 2 p% 
( w/v ) . Abso rbance was measured at 5 9 5  nm . Corre lat i on c oe f f i c i ents were h i gh l y  
s i gni f i can t ( P�O . O O l ) . 
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cul tured i n  ALB , ! DB , and I DT ( F i gure 7 a ) . C e l l s  we re 
o bs erved t·o be t yp i ca l l y  comma- s haped up to 3 6  h i ncubat i on 
i nd i c a t i ng a young hea l thy culture . S p i ra l  forms o f  Q .  
j ejuni s tr a i n s  c u l tured i n  ALT appeared a f t e r  2 4  h and we re 
dom i nant 3 8  h a f t e r  ino cu l at i on ( F i gure 7 b ) . . Mo rpho l o g i ca l  
d i f ferenc e s  betwe en c u l t u r e s  g r own i n  ALT and o t h e r  med i a  
t e s t e d  we r e  c on s i s t en t l y  o bs � rved m i c ros c op i c a l l y  dur i ng the 
ent i r e  i n cubat i on per i od al though d i f f e r en c e s  wer e  mo re 
pronounc e d  a ft e r  37  h .  
Growth i n i t i at i on o f  Campyl obac t e r  jejuni . 
S tud i e s  were pe r formed us ing s t ra i ns Be e f  1 ,  M i lk 1 ,  
and L amb c u l tured i n  ALB , ALT and I DT t o  d e t e r m i ne i f  
aut oc l av i ng o r  gamma i r radi at i on i n f l ue n c e d  s ens i t i v i ty o f  
the med i a  t o  s uppor t  g rowth o f  l ow number s  o f  Q .  jejun i . 
Autoc l aved B ruc e l la Broth s e rved as a c on t r o l med i um becau s e  
pre v i ous s tu d i e s  by Doyl e - e t  a l . ( 2 2 )  s howed t h a t  A L B  wou l d  
i n i t i a te g rowth o f  Q .  jejun i  a t  l ow l eve l s  o f  i no c u l um . 
Prev i ou s  g r owth s tud i es o f  C .  j ejun i cul tured i n  T rypt i c  S q y  
B r o t h  a t  l ow i no c u l um l e ve l s  have no t b e en repo r ted . 
I no c u l a  o f  approx i ma te l y  1 0 0 , 1 0 , and 0 . 1 c e l l s / ml i n  5 0  ml 
of med i a  we re used f o r  g r owth i n i t i at i on s tud i e s , and growth 
o f  Q .  J e iuni  was i n i t i at e d  i n  all  med i a  a t  a l l l eve l s  o f  
i no c ul a . P l a t e  c ount s  we re done s ta r t i n g  a t  1 7  h becau s e  
earl i er expe r i ment s showed t h a t  i no c u l a  l e ve l s  o f  
. F i gure 7 .  F l uorescence pho tom i crograph o f  the typ i c a l  morpho l ogy o f  
Campyl obac ter jejuni s tra i n  Beef 1 when c u l tured i n  d i fferent growth med i a . ( A )  
Campyl obac ter jejun i  cul tured i n  auto c l aved l i qu i d  Bruc e l la Broth ( ALB ) . Th i s  
morpho logy was typi cal o f  the organ i sm cul tured i n  ALB , i rrad i a ted dry powdered 
Bruc e l la Broth ( I DB ) , and i rrad i ated dry powde red Trypt i c  Soy Broth ( I DT ) for 3 8  
h and indi cates a heal thy c u l ture . ( B )  Morpho l o g y  o f  Campyl obac ter JeJun i 
cul tured i n  autoc l aved l i qu i d  Trypt i c  Soy Broth ( ALT ) for 3 8  h i s  t yp i c a l  o f  an 
ol der cul ture or of a cul ture growi ng under adve rse c ond i t i ons . Magni f i cat i on , 
l O O Ox . 
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( A )  
( B ) 
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appr ox i mat e l y  1 0 0 C FU/ml f o r  s t ra i ns c u l t u r e d  i n  g rowth 
medi a  r e ached 8 0% T s hor t l y  a f t e r  1 7  h wh i ch was de t erm i ned 
t o  be a t  the p·eak of loga r i t hm i c  phas e  of g r owth . When a 
c u l ture f lask ach i eved 8 0 %  T ,  then p l a t e  c ount s  were 
pe r fo rm e d  and the expe r i men t was t e rm i na t e d  f o r  that l eve l 
o f  i no c u l um . Res u l t s  o f  g r owth i n i t ia t i on exp e r i men t s  are 
pre s en t e d  fo r Q_, .ie.iun i  s t ra i ns . Bee f 1 ( Ta b l e  1 4 ) , Lamb 6 b  
( Tabl e  1 5 ) , and M i l k 1 ( Ta b l e 1 6 ) . 
Tab l e  1 4 . Growth i n i t i at i on o f  Cam12�l o ba c t e r .] e  jun i s t ra i n  
Bee f 1 c u l tured in ALB , ALT , and I DT . 
Grow t h  I no c u l um , T ime o f  i n c ubat i on , h 
1 7  1 9  2 2  2 5  
med i um CFU / 5 0m l  P l a t e  c ount ( L o g  t o  CFU/ml ) 
ALB 3 4 . 7  8 . 3  
2 5  6 . 3  8 . 1  
2 5 0 0  8 . 2  8 . 6  
ALT 3 4 . 9  8 . 8  
2 5  6 . 3  8 . 5 
2 5 0 0  8 . 2  8 . 9  
I DT 3 4 . 9  8 . 6  
2 5  6 . 4  8 . 9  
2 5 0 0  8 . 2  9 .  Q ; 
Ta b l e  1 5 . Growth i n i t iat i on o f  CamR:rl o bac t e r  je.jun i 
Lamb c u l tured in ALB , ALT , and IDT . 
Growth I n o c u l um , T ime o f  incuba t i on , h 
1 7  1 8  2 1  2 4  
med i um CFU/. 5 0m l  P late c ount ( L o g  t o  CFU/ml ) 
ALB 4 4 . 9  8 . 3  
4 0  6 . 5  8 . 4  
4 0 0 0  8 . 3  8 . 2  
ALT '4 4 . 9  8 . 7  
4 0  6 . 6  8 . 7  
4 0 0 0  8 . 4  8 . 8  
I DT 4 4 . 9  8 . 7  
4 0  6 . 6 8 . 8  
4 0 0 0  A . 4  8 . 8  
Tab l e  1 6 . Growth i n i t i at i on o f  CamRI:l o bac t e r  .ie.iun i 
M i l k 1 c u l tured i n  ALB , ALT , and I DT . 
Growth I no c u l um , T i me o f  i nc ubat i on , h 
1 7  2 0  2 3  
med i um CFU/ 5 0ml Plate c ount ( L o g  t o  C FU / ml ) 
ALB 6 5 . 0 8 . 4  
6 3  6 . 1  8 . 2  
6 3 0 0  8 . 6  
ALT 6 5 . 0 8 . 5  
6 3  6 . 4  8 . 3  
6 3 0 0  8 . 8  
I DT 6 5 . 0 8 . 9  
6 3  6 . 5  8 . 7  
6 3 0 0  8 . 8  
6 8  
s t ra i n  
s t rain 
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Ami no ac i d  ana l ys i s  o f  aut o c laved , i r rad i a t ed and untreated 
med i a . 
Aut o c l av ing and i r rad i at i on are de s t ruc t i ve 
pro c e s s e s  wh i ch may l ead t o  the l os s  o f  e s s en t i a l  med i a  
c omponen t s  o r  c reat i on o f  unwanted c ompounds i n  med i a .  
Ana l y z ing med i a  f o r  pos s i b l e  t ox i c  c ompounds · f o rmed dur ing 
s t e r i l i za t i on was not prac t i ca l . H owever , s amp l es o f  
T r yp t i c  S o y  broth ( ALT , I DT , and an unt re a t e d  s ampl e  a s  a 
c on t ro l , ULT ) wer e  ana l yz ed t o  de t e c t  chan g e s  i n  ami n o  ac i d  
c ompo s i t i on f o l l ow i ng s t e r i l i z at i on o f  med i a  b y  aut o c l av i ng 
or by an i rrad i at i on dos e of 2 Mrad ( Ta b l e 1 7 ) .  Tryp t i c  Soy 
B r o t h  med i a  were ana l yzed because s i gn i f i cant d i f ference s in 
abs o r banc e val u e s , p l ate c ount s  and mor pho l og y  were not 
found dur i ng g rowth of Q.  JeJuni i n  Bruc e l l a  Broth med ia . 
There was no d i f f e rence in the ami no ac i d  c ontent o f  
t he samp l e s  t e s ted . Both ALT and I DT had s ome am ino ac i d  
c oncent rat i on value s h i gher than t h e  unt re a t e d  c ont r o l  ( i . e .  
g l utama t e ) p os s i b l y  due t o  e r r o r  in samp l e  p r e pa rat i on o r  
measurement o f  p e a k s  c o m i n g  o f f  t h e  anal yz e r . T�ytophan , 
g l utam i ne , and asparag ine are not pre s ented i n  t h i s  tab l e , · 
becau s e  ac i d  hydr o l ys i s  ox i d i z e s  g lutam i ne and a s aparg ine to 
g l utama te and a s partate re s pec t i v e l y  and de s t r oys t rypt ophan 
by break i ng the ar oma t i c  r i ng s t ructure . 
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Tabl e  1 7 . Am i no ac i d  c ompo s i t i on ( um / m l ) o f  aut o c l aved 
( ALT ) , i rr ad i a t ed dry f o rm ( I DT ) , and unt reat ed ( ULT ) 
s ampl e s  p f  Trypt i c  S o y  B r o t h . 
Treatment med i um 
ALT I DT ULT 
Am ino ac i d  Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 
Aspartate 1 3 . 9  1 3 . 4  1 4 . 7  1 2 . 5  " 1 4 . 4 1 4 . 5  
Threonine 7 . 9  7 . 3  7 . 5  7 . 2  7 .  2 7 .  3 
S e r ine 1 0 . 8  9 . 6 1 1 . 0  1 0 . 4  1 0 . 4  1 0 . 7  
Gl utamat e  3 2 . 8  3 2 . 0  3 0 . 1  3 0 . 1  2 8 . 7  2 8 . 9  
P r o l i ne 1 6 . 6  1 5 . 6  1 5 . 7  1 5 . 4  1 4 . 7  1 4 . 4  
Gl yc ine 7 .  3 7 . 3  6 . 7  6 . 7  6 . 4  6 . 2  
Al an i ne 9 . 5  9 . 3  8 . 6  8 . 4  8 . 3  8 . 2  
Va l i ne 1 2 . 8  1 2 . 5  1 1 . 4  1 1 . 6  1 1 . 1 1 0 . 5  
M e th i on i ne 3 . 5  3 . 5  1 . 5 3 . 3  0 . 8 6 1 . 5  
I s o l euc i ne 8 . 8  8 . 6 7 . 9 7 . 6  7 . 5  7 . 4  
Leus i ne 1 5 . 1  1 4  . .  8 1 4 . 2  1 4 . 0  1 3 . 2  1 3 . 2  
Tyro s i ne 3 .  1 3 . 2  4 . 0  3 . 8  2 . 8 2 . 8  
Phe nyl a l an i ne 6 . 9  7 . 3  7 . 1  6 . 5  6 . 3  6 . 2  
H i s t i d i ne 3 . 9  3 . 9 3 . 7  3 . 7  3 . 5  3 . 4  
Lys ine 1 2 . 5  1 1 . 8  1 1 . 7  1 1 . 5  1 1 . 2  1 1 . 0  
Argi n i ne 4 . 8  4 . 7  4 . 7  3 . 9  4 . 4  4 . 4  
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D I S CUS S ION 
S t rai ns o f  Campylo bac t e r  jeJun i . 
The s t ra in s  o f  Q .  j ejuni us ed i n  t h i s  r e s earch we re 
cho s e n  becaus e they we re s t ra i n s  prev i ous l y  charac t e r i z ed 
( 2 2 ,  3 8 , 4 1 , 6 2 ) .  Env i ro nment s  f r om wh i ch the s e  s t r a i n s  
we re o r i g i na l l y  i so lated i nc l uded , m e a t  p r o duc t s , m i lk , 
wat e r , a n i ma l s ,  and peopl e . 
Growth med i a . 
Bruc e l la B r o t h  and Tryp t i c  S o y  B r o t h  are two med i a  
c ommo n l y  us ed f o r  cul t i vat i ng Q .  JeJun i . Bo th med i a  are 
usual l y  s uppl eme n t e d  w i th f e rrous s u l fate , s od i um 
metab i s u l f i t e , and s od i um pyruvate ( FBP ) . Aero t o l e ranc e o f  
Q .  J e i un i  i nc reas e s  when FBP i s  used i n  med i a  and c au s e s  
c o l oni e s  on a g a r  p l a t e s  t o  b e  round wh i c h  a l l ows f o r  eas i e r 
p l a t e  c oun t i n g  ( 1 2 ,  3 9 ) .  Campyl obac t e r  J e J un i  c e l l s  plated 
onto agar med i a  w i thout FBP typ i ca l l y  exh i b i t  s warm i ng wh i c h 
mak e s  i t  d i f f i c u l t t o  c ount i n d i v i dual c o l o n i e s  ( 1 2 ) . 
Two me thods f o r  s t e r i l i z i ng med i a  we re emp l o yed to 
s tudy the g r owth of Q.  JeJun i . The two t r eatment me thods 
used we re autoc lavi ng , ( a  c onvent i onal me thod f o r  
s t e r i l i z i n g  c u l ture med i a ) ,  and i rrad i at i on , ( a  c o nvent i onal 
me thod for s t e r i l i z i ng med i ca l  dev i c e s  such as surg i c a l  
drape s ) .  Med i a  we re s t e r i l i z ed by i rrad i at i o n a f t e r  
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free z i ng rehydrated powde red med i a , o r  b y  i rr ad i at i on o f  the 
powdered .med i a .  The e f f e c t s  o f  i rradi at i on o n  rehydrat ed 
and powd e r e d  c ompone n t s  in med i a  r e s u l t s  f r om the c omb i ned 
i n f luenc e s  of i rrad i at i on dose and mo i s tu r e  c ontent of the 
ma t e r i a l  s te r i l i z ed . 
E s t imat i n g  g r owth by mean s o f  abso r ban c e measurement s . 
Abs o r banc e  ( turbi d i t y ) measured a t  5 9 5  nm was u s e d  
f o r  mon i t o r i ng growth o f  s t ra i ns o f  Q .  j eJuni , becaus e th i s  
me thod a l l ows f o r  mon i t o r i ng many growth c u rv e s  
s imul tane ous l y . Turb i d i t y o f  c u l t u r e s  was measured at 5 9 5  
nm becaus e dark med i a  ( s uch a s  Bruc e l l a  B r o t h  and T r yp t i c  
S oy Broth ) cont a i n i ng peptones or  yeas t e x trac t abs o rb a t  
l onge r wave l engths . 
Enume rat i n g  c e l l s  i n  growth med i a . 
Cu l ture s exh i b i t i ng an i nc r eas e  i n  a b s o rbanc e over a 
pe r i od o f  t i me indi c a t e  g r owth , al though b o t h  v i ab l e  and 
non - v i a b l e  c e l l  numbe rs are measured . V i a b l e  c e l l  numbe r s  
o bt ai ned u s i n g  p l a t i ng procedur es we re s tud i ed t o  m o r e  
ac cu ra te ly eva l uate t h e  g r owth o f  s t ra i ns o f  Q . .ie iun i  i n  
d i f fe rent med i a  s t e r i l i z e d  b y  aut o c l av i ng o r  by i r rad i at i on . 
Be f o re an agar p l a t i ng med i um was cho s e n , the e f fe c t  o f  
aut o c lav i n g  o r  i r rad i at i on on the a b i l i t y o f  agar med i a  to 
suppo rt g rowth of Q .  i e jun i was inve s t i g a t e d  ( Ta b l e s  1 2  and 
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1 3 ) • I t  was i mpo rtan t t o  d e t e rm ine i f  an autoc laved plat ing 
med i um d�t e c t e d  d i f ferent numbe r s  o f  v i ab l e  c e l l s  than tho s e  
d e t e c t e d  by a n  i r rad i a t ed med i um . I f  t h e  p l a t ing med i um 
i n f luenced r e su l ts f or l i qui d  c u l ture exper imen t s  then 
s t e r i l i za t i on e f fe c t s  on the pl a t i ng med i um wou l d  be 
d i f f i cu l t  to d i s t ingu i sh f rom s t e r i l i z a t i on e f f e c t s  on the 
g r owth me d i um . Re s u l t s  o f  the expe r i ment ( Tabl e s  12 and 1 3 ) 
t hat we re ana l y zed s ta t i s t i ca l l y , i nd i c at e d  that au toc l aved 
Bruc e l l a Aga r  was equa l t o  the o ther med i a  t e s t e d  as a 
p l at i n g  med i um f o r  enume rat i ng Q .  j e j un i  c u l tured in 
aut o c laved o r  i rrad iat ed l i qu i d  me d i a . 
M orpho l o g i ca l  c harac t e r i s t i c s  o f  Campyl o bac t e r  J e j un i  
s t ra i n s  in g r owth med i a . 
Campyl o bac t e r  Jejun i  di s p l ays d i f f e rent mo rpho l o g i es 
depend ing on the ag e o f  the cul ture , o r  the g r owth med ium 
u se d  f o r  c u l t i vat i on ( 6 7 ,  8 7 , 8 9 , 9 7 ) . Changes i n  
morpho l o g y  b ro ug ht about b y  the g r owth me d i um may b e  due t o  
a r e s pons e o f  the o rgan i sm t o  t ox i c  produc t s  cau s ed by 
autoc l av i ng , a l though reas ons f o r  th i s  a re unknown . 
A s ta i n i ng proc edure wa s ne eded to moni t o r  the 
mo rpho l og y  o f  Q .  j ej un i  c u l tured in d i f fe rent g rowth me d i a . 
Q .  jejuni d o e s  not s ta i n  we l l  w i th e i th e r  c ommo n l y  u s ed gram 
s ta i n i ng o r  mod i f i ed g ram s ta i n i ng proc edu r e s  be cause an 
extrac e l l u l ar v i s c o u s  mat e r i al s e c r e t ed by the bac t er i um 
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dur ing g rowth i nt e r f e r e s  w i th s ta i n i ng . A l s o , Bruc e l l a  
Broth and T rypt i c  S o y  Broth both c o n t ai n  a fa i r  amount o f  
s o d i um and potas s i um c ompounds wh i c h  mak e s  s ta i n i ng 
d i f f i cu l t  b e c au s e  o f  c rys tal f ormat i on . Ac r i d i n e  o range ( a  
s ta i n  f o r  RNA and DNA ) was used becaus e ac t i ve bac t e r i a l  
c e l l s  c o nt a i n i ng h i gh c oncentrat i on s  o f  RNA appear o range 
when v i ewe d  unde r u l t rav i o l e t  l i ght ( F i gu r e  7 ) . Ce l l s  
c onta i n i ng l a r g e  amoun t s  o f  DNA ( human t i s s ue c e l l s ) s ta i n  
green . A l s o , o l d e r  bac ter i a l  c e l l s  wh i c h a r e  no  l onger 
ac t ive o r  v i ab l e  wi l l  have l i t t l e  o r  n o  RNA and a l s o  s ta i n  
g reen . There f o re , th i s  s tain can be us ed t o  d i f f e rent i ate 
between ac t i ve l y  growing c e l l s  and non- ac t i ve ones . 
Ce l l s o f  Q .  jeJuni c u l tured in au t o c l aved l i qu i d  
Bruc e l l a  B r o th ( ALB ) , B ruc e l la B r o t h  i rrad i at e d  i n  powdered 
form b e f o r e  rehydrat i on ( I DB ) , or Tryp t i c  S o y  B r o t h  
i rrad i at e d  i n  powdered f orm be fore r ehydrat i on ( I DT ) we re 
short , c omma - s haped , and_ approx ima t e l y  2 . 0  um l ong ( F i gure 
7 a ) . Ce l l s  of Q .  j ejuni c u l tured in aut o c l aved l i qu i d  
Trypt i c  S o y  Broth wi t h  yea s t  extrac t ( ALT ) we re o f  two 
s i z e s ; s ho r t  c omma- shaped , and l ar g e r  s p i r a l  f o rms about 5 . 0  
um l ong ( F i gure 7 b ) . Campylobac ter j e j un i  i s  de s c r i bed a s  
s l ender , s p i r a l l y  curved rods , 0 . 5  t o  8 . 0  urn l on g  w i th c e l l s  
becom i ng s phe r i c a l  i n  aged c u l tures o r  i n  re s po n s e  to 
un favorab l e  growth c ond i t i ons ( 8 7 ,  8 9 , 9 7 ) .  Morpho l o gy o f  
Q .  jej un i c u l tured in ALB was . c ons i s tant w i t h p r e v i o u s  
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repo r t s  { 7 1 ,  7 3 , 9 7 ) .  The mo rpho l og y  o f  Q • .ie.iuni 
c ul t i vated i n  ALT is no t kn own t o  have been repor t e d  
prev i ous l y , a n d  i n t e re s t i ng l y , l onge r f o rms o f  Q . .ie.iuni 
we re dominant in c u l ture s o f  ALT wh i l e  s h o rt f o rms domi nated 
i n  I DT { F i gure 7 ) . The reasons f o r  d i f f e renc e s  i n  
morpho l o gy b etween Q . .i e.iun i  c u l tured i n  I DT and i n  ALT are 
unkn6wn . T r ypt i c  Soy Broth c o nta i ns pho s phat e s  that c omb i ne 
w i th g l u c o s e  and / o r  amino ac i d s  dur i ng aut b c l av i ng t o  form 
tox i c  c ompounds inhi b i t ing growth o f  many o r gan i sms ( 6 1 ) . 
The o b s e rvat i on i n  our s tudy was that t h e  s h o r t e r  c e l l s  o f  
Q . .i e.i un i  w e r e  dom i nan t i n  i r rad i ated T rypt i c  S o y  Broth , 
wh i ch s u g g e s t s  that au t o c l aved Trypt i c  S o y  B r o t h  ( ALT ) 
c onta i ns po tent i a l l y  t ox i c  c ompounds , o r  t ha t  an e s s ent i a l  
g r owth c omponent i s  a l t e red dur ing aut o c l av i ng wh i ch r e s u l t s  
i n  t h e  a l t e red mo rpho l o g y  o f  Q . .i e juni o bs e rved i n  ALT . 
C oc c o i d  body f o rmat i on i n  C . .i e .i un i  s tr a i n s  c u l tu red 
i n  the d i f fe rent g r owth med i a  was to have been s tudi ed 
dur i n g  t h i s  r e search to s e e  i f  c oc c o i d  body f o rmat i on would 
be de layed , but s ta i n i ng proc e du r e s  did n o t  p r o v i de 
s at i s fac t o r y  r e s u l t s  f o r  d i s t ingu i sh i ng Q .  .i e .i un i  c o cc o i d  
bo d i e s  f r om ext raneous ma t t e r  on the m i c r o s c ope s l i de s . 
Coc c o i d  bod i e s  are degenerate non- v i abl e f o rms o f  Q . .i e jun i 
wh i c h exp l a i n s  why the ac r i d i ne o range s ta i n  bound to few 
c oc c o i d  bod i e s . S i nc e  non-v i abl e c e l l s  a r e  e i th e r  dead o r  
i nac t i ve , the re i s  l i t t l e  RNA o r  DNA i n  the c e l l . T h e r e f o re 
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c o c c o i d  bod i e s  wou l d  not take up enough s ta i n  t o  f l uo res ce . 
Fad ing o t  ac r i d i ne orange f l uo r e s c en c e  wh i l e exp o s ed to UV 
l i ght was ano ther prob l em encoun t e r e d  wh i le deve l o p ing 
me thods for exam i n i ng c e l l s  s ta i n e d  in th i s  f as h i on by 
ac r i d i ne o rang e . S ta i ne d  c e l l s  f l u o re s c s ed f o r  a ve ry sho rt  
t ime app r o x i ma te l y  2 to  1 0  s e c onds be f o r e  fad i ng . Th i s  
made pho t o g raphy d i f f i c u l t , and o bv i a t ed ana l ys i s  o f  c e l l  
s i ze w i th t h e  a i d  o f  f l u o r e s c ence m i c r o s c opy . The bes t  
me thod f o r  o b s e rv i ng c o c c o i d  body fo rmat i on i s  e l ec t ron 
m i c ro s c opy { 7 1 ) , but l ac k  o f  t ime prevent e d  i t s u s e  in  the 
s tud i es repo rt ed he re . 
Compar i s ons o f  data f r om thi s s tudy w i th data f r om o ther 
i nve s t i gat o r s  regard i ng turb i d i ty and v i a b l e  numbe r  
measureme n t s  6 f  Campyl o ba c t e r  Jejun i c u l t u r e d  i n  broth 
med i a . 
Pre l im i nary growth s tudi e s  o f  C .  j ej un i c u l tured i n  
s i x med i a  ( F i gure 1 and Append i x  A )  y i e l de d  l ow abs orbance 
values charac t e r i s t i c  of l ow g rowth rat e s  or o f  sma l l  c e l l s  
wi th h i gh g r owth rates . However , p l a t e  c o unt data ( F i gures 
3 - 6 ) s uppo r t  f i nd i n g s  of  o ther research e r s  ( 2 0 , 4 1 , 8 0 ) .  
Doyle e t  a l . ,  ( 2 0 )  s tud i ed the g r owth o f  Q .  j ejun i  i n  
Bruce l l a  B r o t h  supp l ement ed w i th 0 . 1 % ( w/ v ) a g a r  us i ng a 
c e l l  c onc ent ra t i on o f  5 0 0  CFU/ml . At 2 4  h ,  v i a b l e  ce l l s  
reac hed s ta t i onary phas e popu l at i ons o f  7 . 0x l 0 8  C FU / m l . 
Ro l l i n s  e t  a l . ,  ( 8 0 )  g r ew Q .  jejuni in  a b i phas i c  c u l t u r e  
u s i ng Bruce l l a  B r o t h  wi th a s �ar t i ng c e l l  c onc en t r a t i on o f  
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1 0 0 CFU/ml . A f t e r  5 2  h ,  the abs o r banc e o f  the c e l l  cul ture 
was 0 . 4  . . Hunt et a l . ( 4 1 ) prev i ou s l y  s tud i ed growth of Q .  
J eJun i  Bee f 1 and M i l k 1 i n  Bruc e l l a  B r o t h  s u p p l emen ted wi th 
ant i bi ot i c s . The average s ta r t i ng c e l l  c on c e n t rat i on was 
1 1 0 c e l l s /m l  and a f t e r  24 h v ia b l e  num b e r s  had reached 
2 . 2x 1 0 a c e l l s /m l . I n  the s tudy repor t ed he re , Q .  i eJuni 
s t ra i ns Bee f 1 and M i lk 1 c u l tured i n  ALB , s tarted w i t h  c e l l 
c onc ent rat i ons o f  1 0 0 CFU/ml . A f t e r  2 4  h v i ab l e  numbe r s  
we re 5 . 0 x 1 0 9  CFU/ ml and a t  4 5  h a b s o r banc e  w a s  a t  0 . 3 5 
( F i gu r e s  3 - 6 ) . Abs o r banc e  values and p l a t e  c ount numbers 
r e c o rded for the growth of Q . .ie jun i i n  aut o c l aved B ruc e l l a  
Broth i n  thi s s tudy a r e  reasonab l e  c ompared t o  f i nd i ngs by 
other r e s earche r s  ( 2 0 ,  4 1 , 8 0 ) .  There f o r e , r e s u l t s  f ound in 
t h i s  s t udy f o� growth of Q. .ie.iun i i n  i rr a d i a t e d  med i a  mus t 
a l s o  be va l i d . 
I n t e r e s t i ng l y , s t ra i ns o f  C .  J eJ un i  g r own i n  I DT had 
hi gher abs o r banc e  va lues compared t o  g rowth i n  ALT even 
thou gh v i ab l e  c e l l  numbe r s  of c u l tu r e s  g r own i n . both med i a  
we re s i m i l a r  ( F i g u re s  3 - 6 ) . Th i s c ou l d  b e  due t o  an 
i nc reas e d  p roduc t i on o f  extrac e l l u l ar v i s cous ma t e r i a l by 
c u l t ur e s g row ing in I DT or a decreased p r o d u c t i on of t h e  
mat e r i a l  by c u l t u r e s  g row ing i n  ALT due t o t h e  s t e r i l i z at i o n 
me t hod o f  the med i a . Ano the r po s s i b i l i t y wa s t h a t  
aut oc l av i ng c han g e d  t h e  m e d i um wh i c h i n  t u r n  a f f e c t e d  c e l l  
s i z e o f  Q .  i eu.iun i c u l t u r e s  ( F i g ure 7 ) . H o we v e r , the l a r g e r  
mo rpho l o g i ca l  f o rms were pre s ent i n  c u l tur e s  w i th l ow 
abs o r banc e va l ue s  whe r e  a s  smal l e r f o rm s  we re pre s ent i n  
c u l t u r e s  y i e l d i ng h i gh abs orbanc e val ue s . 
C ompar i s on s  o f  data f rom t hi s  s tudy w i t h  dat_a f r om o t h e r  
i nve s t i ga t o r s  regard i ng plat i ng med i a  u s e d  t o  de t e rm i ne 
v i ab l e  c e l l  c ount s  o f  Campyl obac t e r  j e j u n i . 
Re s u l t s  o bta i ned i n  th i s  s tudy o f  v i able c e l l  
numbe r s  ( CFU/ml ) d e t e c t ed o n  autoc l av e d  v e r s u s  i rrad i at ed 
p l a t i ng med i a  cannot be c ompared t o  prev i o us f i nd i ngs 
becau s e  de t e c t i on of v i ab l e  ce l l s  us i n g  i r rad i at ed p l at i ng 
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med i a  has no t be en repo r t e d . La i -K i ng e t  a l . ,  ( 7 2 )  c ompa red 
autoc l aved B ruc e l l a  Agar ( ABA ) , Campyl obac t e r  Agar , C o l umb i a  
B l o od A g a r  Bas e , and Mue l l e r-H inton Agar . They found no 
d i f f e r en c e  between the s e  plat i ng med i a  s upp l emented wi th 
FBP , f o r  d e t e rm i n i ng v i a b l e  ce l l  numbe r s  o f  Q .  j ej un i . The 
r e s u l t s  in t h i s  t he s i s  are s i m i lar in t h a t  ABA was not 
d i f f e rent from o th e r  meq i a  tes ted f o r  de t e rm i n i ng v i able 
c e l l  numbe r s  ( Tabl e s  1 2  and 1 3 ) . Conve r s l y , i r rad i at e d  
med i a  w a s  a l s o  equ i val ent to aut oc laved med i a  f o r  
d e t e rm i n i n g p l at e  c ount numbe r s . 
C ompa r i sons o f  data from th i s  s tudy wi th data f r om other 
i nve s t i ga t o r s · r e ga r d i ng i n i t i at i on of  g rowth o f  
Campyl o bac t e r  .ie.iuni . 
I n i t i at i on o f  g rowth o f  Q .  .i e.iun i i n  enr i chment 
broth has been thorough l y  s t ud i ed ( 4 ,  3 8 , 4 1 , 6 2 , ) .  
Fr equent l y , Bruc e l l a  Broth c ont a i n i n g  FBP and mu l t i p l e  
an t i b i o t i c s  i s  u s e d  a s  a n  enr i chment b r o t h  t o  improve 
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i s o la t i on o f  Q . .i e.i un i f r om food . Campyl o bac t e r  .ie.i un i , i f  
pre s e n t  i n  a food , i s  usua l l y  found i n  l ow numbe r s . 
Ther e fore , i s o l at i on me thods mus t  be s e n s i t i ve i n  o rde r t o  
recover t h e  o r g an i sm from the m i xed mi c r o f l o ra i n  the food 
s ou r c e . H un t  e t  a l . ,  ( 4 1 )  have repo r t e d  that Q . .ie.iun i  
s t r a i n s  w i l l  g r ow i n  enr i chment broths when 0 . 1 CFU/ml o f  
bac t e r i a  a r e  pre s ent i n  raw mi l k . Doy l e  e t  a l . ,  ( 2 2 )  not 
o n l y  r e c ove red l ow concentra t i ons of  Q . .i e jun i from raw 
m i lk , but a l s o  rec overed the o rgan i sm i n  sma l l numbe r s  from 
hambu r g e r  and c h i c k en s k i n . Our res u l ts  c on f i rm prev i ous 
repo r t s  that growth of Q.  .ie.iuni was i n i t i at e d  i n  autoc l aved 
Bruce l l a  B r o t h  when inocula we re � 0 . 1 c e l l / ml ·for the three 
s t r a i ns t e s t ed ( Ta b l es 1 4 - 1 6 ) .  Growth was a l s o  i n i t i a te� by 
a l l aut o c l aved and i rrad i ated med i a  t e s t e d  at low leve l s  o f  
i n o c u l a . No  d i f f e rence was de tec t ed between med i a  f o r  
i n i t i a t ing g rowth o f  Q . .ie i un i  ( Tabl e s  1 4 - 1 6 ) .  The re s u l t s  
o f  t h i s s tudy i nd i cate that u s e  o f  i rrad i at e d  med i a  f o r  
recove r i ng l ow numbe r s  o f  Q . .i e i un i  from f o o d  s ho u l d  be as 
s u c c e s s f u l  as autoc l aved med i a . The r e f o r e , i rrad i at e d  med i a  
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may be  a n  e s s ent i a l  c omponent i n  future i s o la t i on me thods . 
Ami no a c i d  c ompo s i t i on o f  growth med i a . 
The re was no d i f f e renc e i n  ami no ac i d  compos i t i on 
be twee n  aut o c l aved , i rrad i at e d , and unt r e a t ed samp l e s  o f  
T r ypt i c  S oy Broth conta i n i ng 0 . 5% yea s t  e x t r a c t  and FBP 
( Tabl e 1 7 ) .  R e su l t s  f o r  the unt reat ed ( co n t ro l ) s amp l e  
c or r e s ponded c l o s e l y  w i th i n format i on o bt a i ned f rom G i bc o  
( pe r s on a l  c ommun i cat i o� , G i bc o  Labora t o r i e s  I nc . , Mad i s on , 
W I ) pres e n t e d  i n  Tab l e  1 7 . For examp l e , g l utamat e ,  an ami no 
ac i d  u s ed by C .  jejuni in catabo l i c  pathways , was repo rt ed 
by G i bc o  to be present at a c oncent ra t i on o f  3 3 4 2  ug/ml in  
an ave r a g e  lot  of  unt reated Trypt i c  Soy B r o th . A f t e r  
c ons i de r i ng t h e  approx ima t e  amount o f  g l utama t e  i n  yeas t 
extrac t ( 9 3 )  the f i nal c o nc ent rat i on o f  g l ut amat e wou l d  be 
about 3 8 4 2  ug/ml in an ave rage unt rea t e d  s amp l e  o f  Trypt i c  
S o y  B r o t h . I n  th i s  s tu�y , g l utamate was a t  a c oncent rat i on 
o f  4 2 6 2  ug/ml i n  the unt r eated sampl e .  Th i s  va l u e  may be 
f a l s e l y  h i gh b e c au s e g l ut am i ne pre s en t  in Tryp t i c  S oy Br � th 
is ox i d i z ed t o  g l utamate dur ing ac i d  hyd r o l ys i s  o f  s am p l e s . 
The re f o r e , the ac tua l  c oncentrat i on o f  g l u t amat e  i n  the 
un t re a t e d  s amp le of Trypt i c  Soy B r o t h  wo u l d  be l owe r , and 
probab l y c l o s e r  to that c oncentrat i on r e p o r t e d  by o th e r  
r e s ea r c h e rs ( 9 3 ,  G i bc o  pe rs onal c ommun i c a t i on ) . 
B e c aus e there was no _ d i f fe renc e i n  the am i n o  ac i d  
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c ompo s i t i o n  between Trypt i c  S o y  B r o th s amp l e s  t e s t e d , th i s  
i nd i c a t e s that s ome other reac t i on dur i ng aut oc lav i ng o r  
i r rad i at i on may have taken p l a c e  that c aus e d  g r owth o f  Q .  
jej un i  i n  au to c l aved and i rrad i at e d  Tryp t i c  S o y  Broth t o  be 
d i f fe rent . The Trypt ic S o y  B r o th med i a  turned b rown a f t e r  
aut oc l av i ng , whi ch may i nd i ca t e  f o rma t i on o f  carme l i z ed 
produc t s , o r  po l ymer i zat i on be tween chem i c a l  c omponen ts i n  
t h e  med i um o t he r  than ami no ac i ds ( 2 6 ,  6 1 ) .  Autoc l aved 
Bruc e l l a Broth and i r rad i ated Trypt i c  S oy Broth d i d  no t 
c hang e  c o l o r  a f t e r  s t e r i l i zat i on . 
The re s u l ts  o f  th i s  s tudy ind i c a t e  that au toc l av i ng 
i n f l uenc e s  the e f fe c t ivene s s  o f  Tryp t i c  S o y  B r o t h  f o r  
c u l t i va t i ng Q .  j e iuni ( i . e . mo rpho l ogy and g rowth 
measu r ement s ) .  The re fore , th i s  r e s ea r c h  i l l u s t ra t e s  the 
impo r tance of not app l y i ng exces s i ve heat ( t ime , 
t emperature , and pressure o f  aut o c l av i n g ) when s t e r i l i z i ng 
med i a  used f o r  c u l t ivat i ng Q .  Je.iun i . Al s o , i r rad i at i on 
s t er i l i z at i on prov i de s  a nut r i ent med i um f o r  Q .  jejuni that 
is equa l l y a b l e  t o  suppo rt growth wi th r e s pec t to v i ab l e  
c e l l  numbe r s , c e l l  s i z e , rat e o f  g r owt h , a n d  growth 
ini t i a t i on as compa red to aut oc l aved Bruc e l l a B r o th . 
CONCLUS I ONS 
The f o l l ow i ng c onc l us i ons we r e  d r awn f r om the s e  
s tud i e s . 
1 .  E f fe c t s  o f  s t e r i l i z a t i on by gamma i rrad i a t i on were 
equ i va l ent to e f f e c t s  caused by aut o c l a v i n g  on the abi l i ty 
o f  gruc e l l a B r o th conta i n ing FBP to s uppo r t  g rowt h  o f  1 2  
s tr a i ns o f  Q .  JeJun i  t e s t e d . 
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2 .  Turb i d i me t r i c  measu�ement s ,  max i mum c e l l  c oncentrat i ons , 
and c e l l u l a r  mo rpho l og y  o f  s t r a i ns o f  Q .  J e jun i  c u l tured i n  
i r rad i at e d  T r ypt i c  S o y  B r o t h  ( I DT ) d i f fe re d  f rom the s ame 
parame t e r s  when s t ra i ns were c u l tured i n  au t o c l aved Tr ypt i c  
S o y  B r o t h  ( ALT ) . Turbi d ime t r i c  measuremen t s  and max imum 
c e l l  c oncent rat i ons we re cons i s tent l y  h i gh e r  for c u l tures 
g r own i n  I DT t han f o r  c u l tures g rown in ALT . Al s o , Q .  
jeJuni c u l tures g rown i n  I DT we re predomi nant l y  c omma - s haped 
c ompa r e d  to a predominant spi ral morpho l o g y  f o r  c u l tu r e s  
g r own i n  ALT . 
3 .  T rypt i c  S o y  B r o t h  c o n t a i n i ng 0 . 5 % ( w/ v ) yeas t extrac t 
turned dark b r own a f te r  aut o c l a v i ng , but a u t o c l aved Bruc e l l a  
B r o t h  and a l l medi a  s t e r i l i z ed b y  gamma i r r ad i a t i on d i d  not 
c hange c o l o r . 
4 .  The r e  was no  s i gn i f i c ant d i f fe renc e i n  the e f fe c t i vene s s  
o f  i r rad i at e d  and a u t o c l aved p l a t i ng m e d i a  w h e n  u s e d  to  
r e c ove r c e l l s  of  the t e s t e d  s t ra i ns of  Q .  j ejun i f rom 
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c u l ture med i a . 
5 .  I rr ad i at e d  and aut oc l aved g rowth med i a  wer e  equal l y  
e f fe c t i ve f o r  i n i t i at i ng g rowth o f  s t ra i ns o f  Q .  j ej un i  when 
sma l l  c e l l  number s  we re u s ed as i nocul a .  
6 .  Us e o f  i r rad i a ted dry powde r med i a , rehyqrated to be 
s te r i l e , i s  mo re conven i ent than u s e  o f  autoc l aved med i a  f o r  
cul t i va t i ng Q • . JeJun i . Heat - s ens i t i ve nut r i ent s , suc h  as 
ant i b i o t i c s and FBP , used in enr i chment med i a  f o r  the 
i s o la t i on o f  pathogens from m i xed m i c ro b i a l  p o pu l a t i ons , 
o f ten r equ i r e f i l te r  s t e r i l i z at i on , thus c r eat i n g  problems 
in med i a  preparat i on . I r rad i at i on s t e r i l i z a t i on o f  heat 
s ens i t iv e  c omponent s o f f e r s  an a l ternat i ve t o  f i l t e r  
s t e r i l i zat i on . An env i ronmental m i c r o b i o l o g i s t  t ry i ng t o  
i s o l a t e  fas t i d i ou s  pathogens f rom a c r e ek c o u l d  c a r r y  bags 
of i r rad i a ted dry form en r i chme nt b r o t h  med i um , 
appropr i at e l y  supp l emented wi th heat s en s i t i ve enr i chment 
componen t s . The m i c ro b i o l o g i s t  c o u l d  i n j e c t  a s amp l e  o f  
wa t e r  f r om a n  env i ronmen t a l  s ourc e  d i r e c t l y  i n t o  the bag 
through a s e pt um and i mmed i a t e l y  en r i ch f o r  the o r g an i s m 
des i re d  t hu s  reduc i ng the chance o f  al t e r i ng s amp l e s  du r ing 
t rans po r ta t i on and s u b s equent l o s s  of v i ab l e  p a t ho g e ns . 
Further s tud i e s o f  g r owth o f  p a th o g e n i c bac t e r i a  i n  
i r r ad i a t ed med i a  a r e  needed to i n c r e a s e  p r o ba b i l i t y o f  the i r 
i s o l a t i on f r om wa t e r  and f o od s ou r c e s , and t o  f u r t h e r  our 
k n o w l e d g e  a b o u t  t h e i r  c ha rac t e r i s t i c s . At t h i s  t i me 
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i r rad i at i on of m i c r o b i a l  med i a  is expens i ve and no t always 
prac t i ca l . H owever , in exper iment s  whe r e  a me d i um i s  
requ i re d  t hat wi l l  no t a f fe c t  the a b i l i t y  o f  a d e s i red 
organ i sm t o  surv i ve , grow or  ut i l i z e a s u b s t rate and / o r  
me tabo l i c  pat hway , then i rrad i ated med i a  may prove to  b e  a n  
e s s en t i a l  a l te rnat i ve . 
The future o f  i r rad i at i on s t e r i l i z at i on appears 
br i gh t e s t f o r  med i a  mak i ng compan i e s . Me d i a  c oul d be made 
up in bat c he s , d i spens ed to appropr i at e  c on t ai ne r s , 
pac kaged , boxed , and then i rrad i a t ed be f o r e  g o i ng to the 
s t orage h o us e . The re wou l d  be no need f o r  e l aborate 
meas ures t o  i n sure s t e r i l i ty s i nc e  boxe s o f  med i a  can be 
s te r i l i z e d  at the end o f  ·the produc t i on p r o c e s s . On l y  
prope r i r rad i at i on dosage o f  med i a  wou l d  have t o  be 
mon i t or e d . A l s o , medi a  mak i ng c ompan i e s c o u l d  o f f er a l i ne 
o f  s t e r i l e heat s ens i t i ve components s e pa ra t e l y  or al ready 
added to s te r i l e growth med i a . I r rad i at i on has an important 
n i c he i n  t he s t e r i l i za t i on of hos pi ta l  and s ur g i ca l  i t ems 
u s e d  by the med i cal pro f e s s i on . S omeday , i r rad i a t i on 
s t e r i l i za t i on may be an i mpo rtant t o o l  for the 
m i c rob i o l o g i s t . 
APPEND I X  A 
Growth o f  1 2  s t ra i ns o f  C amPYl o bac t e r  j ejun i c u l tured i n  
aut o c l aved and i r rad iated med i a . 
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The data pre sented i n  t h i s  append i x  are res ul ts from 
i n i t i a l , g r owth curve expe r iment s . Twe l ve s t ra i n s  of Q .  
jejun i  we r e  c u l tured i n  autoc laved l i qu i d  Bruce l l a B r o th 
( ALB ) , i rr ad i at ed l i qu i d  Bruc e l l a  B r o th ( I LB ) , i r rad i ated 
dry f o rm B ruc e l la Broth ( ! DB ) , aut o c l aved l i qu i d  Tryp t i c  Soy 
Broth w i th yeas t extrac t ( ALT ) , i rrad i a t e d  l i qu i d  Tryp t i c  
S o y  B r o t h  w i th yea s t  ext rac t ( I LT ) , and i r rad i at ed dry form 
Tryp t i c  S o y  B r o t h  w i t h  ye as t ext rac t ( IDT ) . A l l med i a  we re 
s uppl eme nted w i t h  0 . 0 2 5 % ( w/v ) fe rrous s u l fate , s o d i um 
metab i s u l f i t e , and s o d i um pryuvat e  ( FBP ) . C u l t u r e s  were 
i nc u bat ed at  4 2 °C f o r  50 to 7 2  h i n  an atmo s phe re co nta i n i ng 
5 %  oxygen , 1 5% c a r bon d i o x i de , and 8 5% n i t ro g en . Growth was 
e s t i ma t ed on a Baus c h  and Lomb s pec t ron i c  2 0  u s i ng 
a b s o r banc e  ( As )  measurements at 5 9 5  nm . Data was anal yzed 
and the l o g r i t hmi c g rowth phas e  f rom curves were us ed for 
s t at i s t i ca l  anal ys i s . A repre s enta t i ve set of  data ( Tabl e 
A 1 ) was us ed t o  c r eate F i gure 1 i n  the r e s u l t s  s e c t i on . 
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